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PREFACE

Among the agencies participating in this program by furnishing saraples for test, doing
developmental work, and exchanging information were Dow Corning, General Electric,
Products Research and Chemical Corporation, the Air Force Materials Laboratory, and
NASA-Ames. The Boeing Company is especially grateful to the Dow Corning
Corporation for its continuous interest, diligence, and close cooperation.

The work was administered by the Supersonic Transport Office of the Department of
Transportation. The technical monitors were C. R. Ritter and Charles Troha. The work
was performed at the Renton Materials Technology Laboratory, the hazardous test cell
at Boeing Field, Seattie, and the Materials Technology }aboratories at Wichita.
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1.0 INTRODUCTION

A major technological requirement of the U.S.A. supersonic transport program was to
ultimately provide a commercial supersonic aircraft which would be competitive from
a mainteznance standpoint with current subsonic aircraft. The need for an elastomeric
material to function as an integra: fuel tank sealant in the environment generated by a
Mach 2 7 commercial supersonic aircraft was a major requirement which necessitated
an extensise sealant research and development program by both The Boeing Company
and its matenal suppliers.

Polysulfide-type sealants now used in subsonic jet aircraft have performed satisfactorily
for moere than 55 09C hr of flight time on individual aircraft. Fuel tank leakage caused
solely by sealant degradation is almost nonexistent and, if mechanical damage to the
sealant occurs, repairs are easily accomplished.

Integral fuel tank sealant requirements for the SST impose technical and
environmental requirements far beyond the capabilities of the subsonic polysulfide
sealants. The SST sealant material must be able to accommodate structural strains over
a temperature range of -46° to +232° C (-50° to +450" F) under tank conditions of hot
fuel and fuel vapor. It also must adhere to titanium alloy 6A1-4V and be inert to both
the titanium alloy and the fluids encountered ir wanufacturing and flight operations.
Finally, 1t must function satisfactorily for at least 50 000 flight-hours. A search for such
a sealant was hegun in 1961 through literature search and supplier contacts. Every
available sealing system in use on supersonic airplanes was investigated to ascertain its
suitability. When the SST fuel tank sealing progran. was initisted in 1965, it was
obvious that only two elastomeric polymer systems ciuld reasonably be considered as
leading candidates on the basis of thermal stability and resistance to fuels. These were
the fluorocarbons and the fluorosilicones.

Even though their thermal and fuel resistances are excellent, the fluorocarbons such as
the Fluorels and Vitonz have 2 tendency to cause stress corrosion of titanium and
currently depend on Leing suspended in solution for proper application. Volatilization of
the solvent preciudes their effectiveness as a filleting sealant. since they must be
applied in thin layers to prevent excessive porosity from outgassing. The fluorocarbons
also have unacceptakie low-temperature flexibility.

On the ather hand, at low temperatures the fluorosilicones exhibit excellent properties
which get progressively poorer as the temperature increases. Under conditions of high
temperature and pressure, they tend to revert to a gummy mass. In 1967, Dow Corning
intrnduced a fluorosilicone which was a significant improvement over the others.
Or:ginally, it was designated DC §4-516 which later waus changed to BDC 77-028. Today
it 18 marketed as DC 94-529.

Dow Corning and Boeing worked closely together to develop the fluorosilicone system
w~ith the emphasis on improving reliability of adhesion and repairability and creating
satisfuctory faying surface and iniection sealants. Primary sealing of the SST was to be
by means of fillet seals, but in many situations it was necessary to use fillet sealing in




conjunction with other sealing methods. The faying surface sealant passed laboratory
tests but was suspect because of visible channels through 1t and failure to seal the cover
of a test tank. The problem with injection seaiant was one of excessive thermal
expansion, which crused it to extrude and to tear itself and the fillet seal covering it.

The basic fillet sealant, designated DC 77-028, was varied to cbtain properties that
would make it more suitable for faying surface and injection or prepack sealing by
using different fillers and combinations of fillers. The faying surface sealant was
designated DC 77-053, and che injection or prepack sealant was designated DC 77-066.
Figure 1 shows how these sealants are used.

Another obstacle to determination of the suitability of a fuel tank sealant material for
SST application was the lack of complete physical property requirements. On this basis,
Boeing established the following fillet sealant target for 50 000-hr flight service life in
the U.S.A. SST.

Technical Requircments

1. Adhesion to 6Al 1V titanium 1.07 kg/cm (6 Ib/in.), 85%
(peel and tear resi..ance) cohesive failure, minimum

2. Tensile elongation 15% minimum

3. Shore A hardness Less than 20 points change

4. Weight change Less than 20

5. Volume change Less than 107 loss

6. Deflection simulation Less than 20% tear after
[0.028-cm (0.011-in.) deflection] 100 cycles

7. Leakage (picture frame) No leaks

Application Requirements

1. Flow (slump) 1.25 ¢m (0.5 in. maximum in 2 hr
2. Extrusion rate 15 g/min_ minimum

3. Cure Less than 71° C (160° F)

4. Working life At least 0.5 L.r

5. Repairability (peel test) 1.07 kg/cm (6 1b/in.}, 85%

cohesive failure, manimum
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Work on the basic DC 77-028 tluorosilicone system was conducted through the SST
prototype program and through a Phasei follow-on development program, under
contract DOT-FA-SS-71-12, awarded by DOT after termination of the SST activities.
The results of these efforts led to improvements in the sealant characteristics and test
and evaluation criteria as reported in D6-60221, Development and Evaluation of Fuel
Tank Sealants. Based on these findings, a Phase Il technology follow-on program under
contract DOT-FA-72WA-2893 was awarded to continue development of the system and
demonstrate its capabilities for commercial supersonic aircraft applications. The
primary objectives of the Phase II effort were:

1.  Conduct 30 000 hr of simulated service testing at ¢levated temperatures.
2.  Verify suitability for 50 000 flight-hours.

3. Develop improved adhesion.

4. Develop repair techniques.

5. Develop faying surface/injection sealant capabilities.

Also as part of the Phase II program. a search was conducted for a backup to the
fluorosilicone system. A contract was issued to Products Research and Chemica!
Corporation to develop a practicable sealant based on a fluorocarbon system pioneered
by the Air Force Materials Laboratory. Both NASA and AFML were active in funding
fuel tank sealant development programs, and these programs were followed closely by
Boeing. Another backup candidate was a hybrid flucrocarbon-fluorosilicone developed
by Dow Corning under an AFML contract. AFML supplied samples for test.




2.0 TEST METHODS AND PROCEDURES

The approach was to subject test specimens to various static and dynamic exposures and
to measure changes 1n physical and mechanical properties Responses of the sealant to
the «xposures veere used as indications of useful life and deficiencies of the basic
material or system Functional tests, which measured sealing ability depending on all
properties of the total system, were also conducted to evaluate the practical aspects cf
the sealant's use

2.1 CYCLING ENVIRONMENTAL EXPOSURES

Two principal cycling environments were used: flight and accelerated. The test tanks
were exposed to cycles similar to the accelerated cvcle.

2.1.1 FLIGHT CYCLE

The simulated flight cycle «fig 23 provides about 50 hr per week of
elevated-temperature fuel vapor exposure. The equipment 1s shown schematically in
figure 3 and photographically 1n figure 4 The loaded specimen rack is shown in
figure 5

2.1.2 ACCELERATED CYCLE
The accelerated cycle (fig. 6) exposes the specimens to a minimum of 140 hr per week of
elevated-temperature fuel vapor. The exposure chamber 1s shown 1n figure 7 with the
test specimens 1n place
2.1.3 TEST TANK CYCLES
Environmental exposure cycling of the tank was the same as for the accelerated cycle
except that ritrogen at atmospheric pressure was substituted tor air at 6.9 hPa (1 psia)
The tank was not designed Lo withstand the near-vacuum pressure.

2.2 PREPARATION OF TEST SPECIMENS
2.2.1 CLEANING OF TEST PANELS

All test panels and parts were cleaned by applying cleaner from clean polyethylene (or
equivalent) squeeze botties. The cleaner consisted of:

Yolume percent

Aromatic naphtta (TT-N-97. type |, grade B) 50

Ethyl acetate «TT-E-751! or 1sopropyl acetate 26
¢TT-1-721:
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Methy! ethyl ketone (TT-M-261) 20
Isopropy! alcohol (MIL-F-5566) 10

The cleaner was applied directly from the bottle to the panel or part so that the entire
surface was wetted. The surfaces to be cleaned were thoroughly scrubbed with clean
gauze pads wetted with cleaner. The solvent was wiped off while wet with clean, dry
gauze pads. This procedure was repeated as required to produce a clean suiface as
determined by no visibly detectable residue on the gauze. Each gauze ;ad wae us.d for
one scrubbing or drying application only. Cleaned panels were not stacked, but w.re

covered with paper toweling or equivalent until used. Test panels and parts were used
within 8 hr after cleaning.

£.2.2 APPLICATION OF PRIMER

A coat of primer was applied to cleaned test panels before applying the sealant. The
primer was applied in a continuous coat as uniformly as possible using a gauze pad. The
primed panels were dried for 30 = 10 min at 24° < 1.5°C (75¢ = 5°F) and 50% = 5%
relative humidity. Then the paneis were immediately placed in an oven and the primer
was cured at 232°C (450° F) for 25 = 5 min. After curing, the primed surfaces were
protected from contamination until sealant application. If sealant was not applied
within 90 min after the primer was cured, the panels were cleaned and reprimed.

2.2.3 PREPARATION OF SEALANT

Prior to mixing, two-component sealant compounds were stored at 24°¢ :x 1.5°C
(75° = 5°F) for a sufficient time to allow the material to reach a state of equilibrium
with that temperature. The activator was added immediately before weighing. Mixing
instructions were as follows:

1. Weigh the correct amounts of base and activator onto a clean. flut stainless steel
plate or pan immediately prior to mixing. The activator must not be allowed to
contact the plate.

(3

Handmix the sealant compound by folding and squeezing with a spatula for a
minimum of 5 min until the sealant compound appears uniform.

3. Spread the sealant compound on a clean, flat stainless steel plate or pan so that
the maximum depth is less than 1.21 cm (0.5in.). Vacuum degas the sealant
compound for 10 min at 1.73 kPa (0.25 psia) or less.

4. Remove the plunger and plug the nozzle end of a cartridge for the Semco 250 gun.
Scoop up the sealant with a spatula, place in the open end of the cartridge, and
drive down by sharply rapping the nozzle end of the cartridge on something solid.
Repeat until the cartridge is filled.

5. Vacuum degas the filled cartridge for 5 min at 1.73 kPa (0.25 psia) or less. Use a
plastic film as necessary as an extension of the cartridge to prevent overflow of the
sealant. Place the plunger in the cartridge using care to minimize air entrapment.

l‘)
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When required, the sealant was put inte refrigerated storag: at or below -40% C (-40° I
immediately after being placed into the cartndges. Dry ice was not allowed to be used
for refrigeration The sealant was stored at or below -40° C (-40° ) for a minimum of
16 hr but not longer than 72 hr and conditioned at 4.4° + 1.5 C 140% + 5" F) for 4 = 2 hr
immediately prior to thawing. It was thawed by vertically immersing the frozen
cartridges 1n a 49° = 0.6° C (120° = 2°F) water bath for 4 min + 5 sec with the plugs
installed ana the upper end of the cartridge 2.54 cm (1 i1 ) above the hquid level.

2.24 SEALANT CURE
2.2.4.1 Fluorosilicone

Standard cure was 14 consecutive days at 24¢ + 1.5°C (75° = 5°F) and 50% = 5%
relative humidity. An accelerated cure consisting of 24 hr (minimum) at 71 £ 3°C
(160° = 10° F) followed by 1 hr (minimum) at 149° + 3° C (300° = 10° F} was sometimes
used instead of the standard cure.

2.2.4.2 Fluorosilicone-Fluorocarbon Hybrid

The FCS-210, also known as DC 77-108, was cured ! hr at 100° C (212° F) followed by
1 hr at 150° C (3020 I,

2.2.5 PREPARATION OF SEALANT SLABS

The sealant was cast to a thickness of 0.32 = 0.02 cm (0.125 = ¢ 008 in.) in a closed
mold lined with Teflon. The mold was filled by extruding the sealaat from a sealant gun
with a Semco 440 nozzle. The nozzle was freed of air by a prel.minary extrusion of 5 to
7 cm 12 to 3 in.) of sealant. During the casting operation, the tip of the noz.le was placed
in an injection mold and was not removed until the mold was filled to excess.

When the standard cure was used, the sealant was kept in the closed mold until the
cure was completed ur removed at any time after 96 hr. When the accelerated cure was
used, the sealant was allowed to remain in th2 mold at 24° =+ 1.5°C (75° £ 5°F) and
50% = 5% relative humidity for a minimu.a of 48 hr prior to the 71°C (160°F)
exposure. The slabs were removed from the mold before completing the cure at 149°C
13000 F.

2.3 TEST PROCEDURES

2.3.1 PHYSICAL AND MECHANICAL PROPERTIES

22,11 Tonsile Stronath El

Ultimate tensile strength and elongation were determined in accordance with ASTM
D-412 using a jaw separation rate of 51 cm (20 in.)/min. Miniature specimens were used
cut from slabs prepared as described in section 2.2.5. Five specimens were tested for
each point except for those from lot 401117 where eight were tested per point.
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2.3.1.2 Hardness

Shore A durometer hardness was determined in accordance with ASTM D-2240 takiny
the median vaiue as the hardness for each specimen. The hardness is reported as the
average of four specimens. Volume chang: specimens were used for hardness
measurements,

2.3.1.3 Weight Loxs

Specimens approximately 2.5 by 5 em (1 by 2 in.) were cut from a slab of sealant
prepared in accordance with section 2.2.5. Before and after the applicable
environmental exposure period, the test specimens were conditioned for 24 hr in a
dessicator and then weighed immediately.

Percentage weight loss was caleulated as follows:

(W, - W,) x 100
Wi
where
W, = weight of sample before aging
W, = weight of sample after ag .g

Percentage weight loss for each determination is the average of four specimens.
2.3.1.4 Volume Change

Specimens approximately 2.5 by 5 ¢m (1 by 2 in.) were cut from a slab of sealant
prepared in accordance with section 2.2.5. The volume change of environmentally aged
specimens was determined in accordance with ASTM D-471. Volume change is reported
as the average of four specimens.

2.3.1.5 Adhesion to Titanium (Tee Peel)

Details of Specimen Preparation.-The required number of 0.127- by 7.4- by 15.2-cm
{0.05- by 2.9- by 6-in.) panels were prepared from annealed 6Al-4V titanium alloy. An
equal number of 7.4- by 30.5-cm (2.9- by 12-in.) strips were prepared from 20C-mesh
stainiess steel screen.

The panel surfaces and screen were cleaned as described 1n section 2.2.1 and primer was
applied as in section 2.2.2.

The sealant was applied to approximately 12.7 cm (5 in.) at one end of the panel to a
depth of 0.318 = 0.06 cm (0.125 + .025 in.) and leveled, using a suitable jig. The screen
was impregnated with sealant for approximately 12.7c¢cm (5in.) on one end. The
sealent-impregnated end of the screen was placed on the panel so that the loose,

14
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un'mpregs ited end laced the end of the panel free from sealant. The screen was
smoathed dewn on the layer of senlant, taking care not to trap air under the screen. An
additional 0 318 = Y96 cm 10 120 - (L025 1n.) coating of sealant compound was appiied
over the impregnats« screen. The »~alant was cured in accordance with section 2.2.4.

Tesiiag of Specimen _-After exposure, two 2 S.em (!-in ) wide strips were prepared on
each panel by cutt.ng completey through the screen and sealant to the metal
lengthwise along the panel #nd cor inuing cempletely along the unimpregnated screen.
The loose ¢ ud of cach 2.5-cm (1-:n} wide strip in turn was clamped 1n one jaw of a
suitable recording tensile testing machine, and the adjacent end of the panel was
fastened in the other jaw us shown in figure 8 Cuts through the sealant under the
screen were made so that an initial separation of sealant from the metal panel was
promoted. The screen was pulled at an angle of 180° from the panel and at a jaw
separation rate of 5 1 cem/min (2 in./min).

Cuts in the sealant to the metal panel at the junction of separation were made at an
angle of 45° toward the direction of separation at approximately 1.5-cm (0.6-in.)
increments (approximately every 24 sec) on the left side of the panel as shown in
figure 8 No cuts were required for 100% adhesive failure; however, any cobesive
failures were tr-ated as described. On the right side, except for the initial cut to
promote separation, cuts were made only as necessary to prevent the sealant from
peeling from the screen. All cuts extended completely across the strip being peeled and
penetrated completely thro igh the sealant to the panel.

The percentage of cohesive :paration was determined from the ratio of vohesive
separation area to total cohesive and adhesive separation on both test areas. The
cohesive strength was determined during cohesive tear. The average of the cohesive
strength. as determined from an extensometer graph of the right-side pull, was
recorded. Values recorded during cutting, or while load was being picked up after
cutting, were not included in the average. Panels that were environmentally exposed
were tested within 24 hr after removal from the exposure rondition.

2.3.2 FUNCTIONAL TESTING
2.3.2.1 Picture Frame Shear

Details of Specimen Preparation.—-The test panel was cleanct and primed as described.
For a faying surface sealed panel, a layer of sealant was applied to one of the mating
surfaces and the panel assembled while the sealant was still wet so that a continuous
bead was extruded. The extruded sealant was then removed. Sealant was applied to
fillet-sealed panels after assembly A continuous fillet was applied around the periphery

tha inint Murino wna te nanne Ao verd 34b annbine O O 4
\Il \4!!\- J\Illlll \J\-ll lllb "ao lll ALLUIURIILT YriviL D(,Llll\lll Y727 “in 23

Testing of Specimens-Leak testing was accomplished by placing a plexiglass box over
the T-side of the panel (fig. 9), filling the box with water, and pulling a 13.8-kPa
(2.0-psig) vacuum. Leakage was detected by observing the formation of bubbles. The test
panel was then assembled in a picture frame fixture for application of structural loads.
The frame was placedt in an insulated conditioning chamber and loaded from the

15
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corners. The test apparatus 1s shown in figure 10. A 22 680-kg (50 000-lb) tension load
was applied to the frame 10 times at -46° C +-50" F), 10 times at room temperature, and
10 times at 232° C 450" Fr. A hydraulic cylinder was used for load appiication. The
22 680-kg (50 000-1b) load represents 100¢7 of design limit load for the test pancl.

After loading, the test panel was tested for leaks as described. The panel was then
subjected to environmental aging. After various periods of aging, the panel was
subjected to the loading and leak-testing conditions described.

2.3.2.2 Flight Cycling Fillet Deflections

Specimens shown assembled in figure 11 were prepared from annealed 6Al-4V titanium
alloy. They were cleaned and primed prior to fillet application according to sections
2.2.1 and 2.2.2. The titanium strips, B, were of constant length. Strips A cverlapped by
B were varied in length so that the gaps at the juncture of the A strips and B strips
would vary with a constant end deflection of the strips B. Deflections were 0.008 cm
(0.003 in.), 0.013 cm (0.005 in.), 0.020 cm 10.008 in.), 0.038 cm (0.015ir.3, 0.051 cm
{0.02 in.), and 0.976 cm (0.03 in.). The six specimens were mounted in a vertical row and
fitted to the interior of the lid of the flight cycle apparatus. The end of cach of the B
strips was deflected at a rate of approximately 2 cycles per minute by means of a rod
extending through the lid. The length of tear in each fillet throat was measured each
time the flight cycle chamber was opened.

2.3.3 TANK TEST

The tank test was performed by the Wichita Division of The Boeing Company. A
complete description of tanks, tacilities, tests. and results is given in appendix A.
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3.0 RESULTS

Four different lots of DC 77-028 were tested. Oniy one lot, 401117, was tested in both
accelerated cycling and flight cycling. Specimens from lot 1222 were also in accelerated
cycling. Specimens from lot 203117 were 1n flight cyeling. The tank used material from
15t 205180. All lots were manufactured at different times; the cldest was lot 1222 and
the newest was lot 20518C. Lot 401117 was a 226.79-kg (500-1by production lot
manufactusred to demonstrate production capability and proof of ability te seale-up from
tahoratory size lots.

The only experimental sealant providing test results was the FCS-210 developed by
Dew Corning with AFML funding.

3.1 EFFECTS OF ACCELXRATED AND FLIGHT CYCLING

Figures 12 through 26 summarize changes in tensile strength, =longation, volume,
weight, and adhesion after various pericds of exposure to acceierated and flight cycling.
MNote that hours at the most severe condition, luel vapor at 219° to 227°C (426° to
441°F), were used as a commen base for comparison. For acceler ated cycling, a factor of
1.2 tray de used to calcuiate total exposure time to all fuel tank conditions. For flight
cycling, a facter of 3 may be used. Each hour plotted is equivalent t¢ one flight;
therefore, 8217 flights were simulated. The plots also indicate the scatter in tensile and
elongation data. Considering the inherent scatter. the difference between lots of
material appears to be insignificant.

The seajani remained flexible and all but elougation at 232° C (450° F) and volume loss
met target requirements after completing the exposures indicated, Eiongation and
volume loss were very close to the target requirements, and {ailure to meet them should
not be vonstrued as evidence that the sealant would not be serviceable,

The lack of adhesion peel test) data was due to invalid results, mainly adhesive failure

between the sealant and embedded screen rather than between the seaiant and titanium
substirate.

It was hoped that a correlation of test results frrm accelerated cycling and flight cyching
would be possible so that service life might oc predictable using the shorter ralendar
time acceleratea cycle. The indicatiusn: is, however, that there is not a direct correlation
and flight cycling is mocre severe than aceelerated cycling. The comparison of weight
and volume luss uata in figure 27 draratically depicts this.

3.2 FUNCTIONAL TESTING
3.2.1 PICTURE FRAME

The cendition of the fillet-sveled picture frante test specimen is shown in figure 28 after
28 634 hr of 2197 to 227° C (126 to 441° F) fue! vapur exposure in the accelerated cycle
and 100 load cycles at each tsmperature. The sealant was tlexible and the panel
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remained essentiaily leak-free. The faying surface sealed panel was leaking slightly.
Based on this and the fact that other tests showed that the faying surface sealant is not
effective, we must assume that the test is unreliable.

3.2.2 FILLET DEFLECTION

After 6967 hr of 219Y to 227° C (426° to 441° F) fuel vapor exposure and 836 040 load
cycles in the flight cycle, only small cracks were apparent at the juncture of each fillet
and the titanium overlap. By visual inspection, these cracks did not show evidence of
growing after they were noted initially.

3.2.3 TANK TESTING

The tank test is considered to be the most informative in regard to sealant performance
in an airplane structure. The tank is shown in figure 29 after 6000 load cycles at room
temperature, 4500 cycles at 232° C (450° F), 4330 cycles at -46° C (-50° F), and exposure
to fuel and fuel vapor for the temperature and hours indicated in table 1. The tank was
inspected and tested for leaks once every 6 months. The leaks varied each time in
number and location. Detection of leaks was never possible without pressurization. For
the final test, the tank was left to stand for about 1 hr with water in it and it did not
leak. Approximately 13.8-kPa (2-psi) pressure was then applied, which caused two
spots to leak very slightly. After a short. period of time, oozing was noted at one other
location. Pressure of 34.5 kPa (5 psi) was then applied and the leaks increased in
amount and number. When the pressure was removed, the tank continued to leak. It
was then drained.

Table 1.—Exposure Times for the Test Tank

Temperature,
SC () Hours

Liquid

To 59 (139) 676

60 (140) to 65 (150) 21335

Over 65 (150) 113.2

Below 60 (140} 521.5
Vapor

60 (140) 10 204 (400) 1794.8

205 (401) to 218 (425) 470

213 (415) to 227 (441!} 78.5

219 (426) to 227 {441) 16 481.5

Over 227 (441)° 65

*Included 1n hours at 219 10 227° C (426° to 441° Fi;
highest was 238° C (460° F).

It had been noted previously that cracks in the sealant, such as those shown in
figure 30, were more prevalent when the sealant fillet was thick, so a small section was
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repaired using small fillets. The section was repaired after 7238 hr of 219° to 227°C
(426° to 441" F) fuel vapor exposure in February 1973 and had no splits and no leaks.
Adhesion was retained to the old sealant as shown in figure 31.

The top and bottom skins were removed. Adhesion of the sealant to the fasteners and
structure was surprisingly good, and the sealant fillets failed cohesively when the
structural components were separated, as can be seen in the pictures. Areas where the
faying surface isolation seals had been were evident (figs. 32 and 33), but there was
little sealant to be seen. What was there was easily scored with the blunt edge of a
fingernail. Condition of the Teflon: rings in the self-sealing fasteners (which were
unsuccessful from the beginning) varied trom no change through a crumbly powder to
nonexistent. The sealant on the top skin had separated from the seal plane, had
numerous large splits, and was absent in some places.

Each inspection revealed leaking corners which were usually repaired before returning
the tank to environmental exposure. The injection sealant was inadequate in that it
expanded, gradually extruded out of the groove, and ruptured the adjacent fillet.
Modification of the DC 77-028 fillet sealant. to produce DC 77-066 injection sealant was
demonstrated to be partially effective. At one time, corner repairs were made using
DC 77-028; the corners started leaking badly immediately when exposed to ternperature.
The injection seal is shown in figure 34.
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4.0 BACKUP SEALANT

4.1 HYDROFLUOROCARBON

The Products Research and Chemical Corporauion tPRC) was given a contrar ¢ to develop
a sealant based on fluorocarbons and having a high solids content. Existing sealants
based on fluorocarbons are normally supplied with a maximum of 40% solids by volume,
requiring chem to be applied 1n thin cross sections and resulting 1n shrinkage on drying
and curing. PRC was asked to deveiop one having a solids content of 80% by volume;
one having 70% was produced, which is considered a significant advancement. Solvent
content was further reduced to less than 10% by volume by pre-extruding into a
tape which was tacky enough to adhere to titanium. After a heat cure, adhesion was
retained; however, when ar attempt was made to cure a sheet of sufficient thickness to
provide test specimens, bubbling took place and destroyed the sheet. The progress made
was encouraging and further investigation and development are warranted, specifically
in adhesion, thermal stability, and stress corrosion. A complete report of the
development is attached as appendix B.

4.2 HYBRID FLUOROCARBON-FLUOROSILICONE
The Air Force Materials Laboratory funded the development of hybrid
fluorocarbon-fluorosilicones by the Dow Corning Corporation. One of the most promising

of these, DC 77-108 (FCS 210), was exposed to accelerated cyrling and tested
periodically. Test results are shown in table 2.

Table 2. -DC 77-108 Test Results

Hours of 219 10 227 C (426 10 441 F) fuel vapcr exposure
Property
0 2520 9938 15 826

Tensile strength, kPa (psi)

-46° C {~-50° F} 24 019 (3486) | 17 749 (2576} | 19120 {2775) | 8347 (1209)

Room temperature 740G {1074) 7917 (1149 7 237 (1069) 4885 {708)

232° C 450" F) 875 (127) 1523 (224) 1054 (1573) 849 {123}
Elongation, %

-46 C (-50" F) 3 17 7 8

Room temperature 585 640 270 190

232" C {450° F) 54 11 44 26
Shore A durometer thardness) 34 45 76 46

Weight loss, % 7.0 7.4 7.4

Volume loss, % 6.8 1.5 1.3
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5.0 CONCLUSIONS

Confidence was develope.'! that the Dow Corning DC 77-028 (DC 94-529)
flucrosilicone sealant system would perform for 50 000 flight-hours as an integral
fuel tank fiilet sealant in a commercial supersonic airplane. This confidence was
established by the completion of the following evaluations:

a. More than 36 000-hr accelerated life cycle test in 219° to 227°C (426° to
441? F) fuel vapor

b. More than 8000 flight cycles test (24 000 hr) in 219° to 227° C (426° to 441° F)
fuel vapor under =96.6-kPa (+14-psi) pressure variance

¢. More tnan 16 000 hr of test as sealant in a simulated SST fuel tank under
accelerated life cycle conditions in 219° to 227° C (426° to 441° F) fuel vapor

d. Tnrsional load cycle tests of the sealed tank (item c¢) of 4330 at -46° C (-50° F.
6000 at room temperature, and 4500 at 232° C (450° F)

e. Demonstration of fillet sealant repairability during tank tests
f.  Demonstretion of lot to-lot reproducibility of production size lots of DC 77-028

Neither the faying surface sealant (DC 77-053) nor the injection sealant
(DC 77-066) derivatives of the DC 77-028 fluorosilicone system were satisfactory;
however, th. DC 77-066 was superior to DC 77-028 as an injection sealant.

The backup fluorocarbon and hybrid fluorocarbon-fluorosilicone sealant systems
show promise but do not have the low-temperature ductility capabilities
demonstrated ty the fluorosilicone sealant.

Flight cycle testing provides more critical evaluation of basic sealant properties for
a given total test time than accelerated life cycle testing. Testing of the sealant in
its ntended application in a gimulated fuel tank is most informative from a
practizal standpoint of sealant application, behavior, and repairability.
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6.0 RECOMMENDATIONS

Further development of a faying surface and injection sealant should be pursued.

Flight testing of the DC 77-028 system in a supersonic aircraft is the next logical step
in investigation of its functionality and should be initiated.

Attempts should bhe made to develop fuel tank sealants from polymers other than
fluorosilicones, especially if aircraft designed to fly in excess of Mach 2.7 are

contemplated. These sealants should be tested in the same way as DC 77-028 for
comparison purposes.
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v ABSTRACT v

In order tc determine the fuel tank sealing capabilities of the
sealant (Dow Corning 77-028) proposed for the fuel tanks of the Model
2707 supersonic transport prototypes, two small titanium test tanks
were initially fabricated and sealed at Boeing-Wichita. These two
tanks were subjected to long term simulated fuel tank environments
and were periodically subjected to cyclic structural loading at three
temperatures, followed by pressure testing for leakage. A third

test tank, which more closely simulated the SST fuel tank structure,
was subsequently fabricated and sealed by CAG. This tank was exposed
to similar environmental conditioning and structural loading.

Testing of tank numbers 1 and 2 is described in Section 2. Testing
of tank no. 2 was terminated after 524 hours of fuel vapor exposure
at 415 - 441°F (4 weekly environmental conditioning cycles). Test-
ing of tank no. 1 continued to 3862 hours of fuel vapor exposure
(31 environmental conditioning cycles).

Testing of tank number 3 is described in Section 3. This tank was
exposed to a total of 16,482 hours of fuel vapor at 426 - 441°F or

a total of 22,269 hours at all conditions (liquid fuel, ambient to
205°F, and vapor fuel, ambient to 460°F). Total number of weekly
environmental conditioning cycles was 129. In addition the tank

was periodically load cycled for an accumulated 6000 cycles at ambient
temperatures, 4500 cycles at 426 - 441°F, and 4330 cycles at -40 to
-50°F.

Early in the environmental conditioning of all three tanks the

sealant exhibited numerous cracks and areas of loss of adhesion re-
sulting in significant leakage. This document describes in detail

the environmental conditioning and structural! loading used, and the
condition of the sealant and the observed leakage of the tanks after
each incremint of specified testing. However, all conclusions concern-
ing the significance of the testing and the anticipated performance

of the sealant will be presented elsewhere by the Commercial Airplane
Group, and is therefore beyond the scope of Wichita Division

responsibility.
P SOE/NG|NO. 13-8297
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FOREWORD vE

This report was prepared by the Materials Technology Unit of The
Boeing Company, Wichita Division. Work was initiated under Engineer-
ing Work Authorization Number 36529221, titled "Environmental and
Functional Testing Of SST Fuel Tank Sealant", dated August 4, 1969
(written by the Commercial Airplane Group, Structures Technology-
Materials-SST).

On March 25, 1971 this program was cancelled when the government
denied additional funds for SST prototype construction.

Work was subsequently resumed in August 1971 under Commercial Group
IDWA No. 630600 (EWA No. 964020), and Wichita EWI No. 964020 funded
by the Department of Transportation.

Funding was continued in April 1972 under Commercial Airplane Group
IDWA Ne. 630600 (EWA No. 03866), and Wichita EWI No. 989001.

In December 1973 the final portion of the program was authorizea
under Commercial Airplane Group IDWA No. B30600 and Wichita EWI
No. 989001-1.

The program was completed in March 1975.

BOEING|NO, D3-8297
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1. INTRODUCTION A

The most promising sealant available to date for sealing the fuel
tanks of the Model 2707 S+upersonic Transport is Dow Corning 77-028,
a two-part experimental tluorcsilicone, which was developed specifi-
cally for this purpose. This sealant must function for at least
50,000 hours in the presence of liquid hydrocarbon fuel up to 150°F

and fuel vapor and nitrogen up to 441°F.

The purpose of the work conducted herein is to verify the sealing
capabilities of this sealant by environmental and structural load

testing of small sealed titanfum test tanks.

To accomplish the above objective two small titanium tanks were
initially fabricated and sealed. These tanks simulate typicai skin and
stiffener type integral fuel tank structure. One tank was fiilet
sealed only and the other was fillet sealed and faying surface sealed.
These tanks were exposed to long term fuel tank environments, and

were periodically subjected to structural dynamic torsional lcading,
followed by pressure testing, to determine the capability of the seal-
ant to retain fuel at the environmental temperature extremes of the

SST fuel systenm,

A third tank was subsequently built by CAG and tested by Wichita. This
tank more closely simulated the SST fuel tank structure than did the
first two tanks,

Sossva|No. 13-8297
REVLTR: A | SECT |PAGE 9
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Leboratory test specimens were prepared and installed in each tank. +

These specimens were environmentally conditioned in the tanks and

were withdrawn perfodically and evaluated to measure the change in

physical properties.

2. TESTING OF TANK NUMBERS 1 AND 2

2.1 Fabrication and Sealing

1.

REVLTR:

The test tank design used herein was originally developed
by Boeing-Kichita under a contract with the Air Force
Materfals Laboratory (AFML). Reference 1 is the fina’
report under this contract. The detail parts for two

test tanks, which were originally fabricated for this
contract but not used, were returned to Boeing-Wichita

by AFML and used to build the two test tanks described
herein, Optimum design of the test tanks required that
they be large enough to simulate actual fuel tank structure
and small enough to be economical to evaluate. The tank
s{ze chosen was approximately 9 by 14 by 50 inches. The
tank design is a semi-monocoque box beam of 6A1-4V titanium
sheet skins and webs, and extvruded titanium chords and
stiffeners. The end plates and test jig attach fittings
are 4130 steel. Reference 2 is the Boeing drawing for the

tank details. This type and size of tank is believed to

SOFIMG|NO. 03-8297
A | SECT |Pace 10
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be the most econumical and the least complex construction

with which significant and reifiable results may be obtained.

2. Two tanks were fabricated and scaled. Tank Number 1 was
fillet sealed only. Tank Number 2 was cumpletely faying

surface sealed as well as fillet sealed.

i‘é 3. Tank detail parts were vapor degreased, followed by nitric-

% hydrofluoric acid etching. Steel parts were descaled in

: % nitric acid, sandblasted, and spray painted with Sermetal W
ix (BMS 14-4) per BAC 5840 for corrosion protectian.

4. The tanks were assembled using titanium boits {BACB30NY6)
and collars (BACC30AE6W) from Voi-Shan Manufacturing Company,

MBS £

except for the end piates and access doors where cadrium

£ AR b 1

plated steel bolts were used.

5. In general the sealing was conducted using 8AC 5504 pro-
cedures as a guide. Dow Corning 77-028 sealant was hand-
mixed as described in Section2.2, Item 2. Some sealant

was used immediately after mixing, and some was frozen

at ~40°F and used within 4 days. The first lot of sealant
received (Lot No. 411147, dated 19 November 1969) wruld
not cure properly, even at 300°F, This lot was replaced

by Lot No. 1114, marufactured 3 December 1969, which was

LI

K i i W i " d guud
whon ~ " - P .
o o ) >
" WPV MISATANEIOAY RSy I A et potomiai Py Bome 3o rin sy o am )

used for all sealing of both tanks and fcr the preparation

of a?l Section 3. laboratory test specimens.

]
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6.

7.

REVLTR: A
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A11 structure to be sealed was solvent cleaned with
BMS 11-7 cleaner prior to applying primer. Initially
some methylethylketone was used instead of BMS 11-7,
After solvent cleaning, a thin coat of Dow Corning
77-037 primer (Reference No. E-23-233, dated December
1969) was applied with a gauze pad moistened with
primer, The primer was allowed to dry a minimum of
45 minutes at room temperature prior to applying

sealant.

Freshly mixed (or freshly thawed) sealant was applied
using a Semco sealant gun, cartridge and formed nozzle
to apply a fillet in one application to the dimensions
specified in BAC 5504, Faying surface seals were
applied by injecting the sealant on the structure and
spreading it out to a thin continuous coating with a

spatulas or fairing tool.

Both access doors were installed with faying surface
seals. Tank No. 1 (fillet sealed only) was sealed as

shown typically in Figure 1. Block-off faying surface

seals were installed (as shown typically in Figure 5)
to afd in isolating any fillet leaks which may be
evident in the future, Figures 2, 3 and & show detaiis

of Tank No. 1 during one stage in the assembly and

SoEINVG|NO, 03-8297
[SFCT |PAGE 12

62




sealing. The total weight of the sealant fillets

T DA
- St 1

in this tank was 2.79 pounds, based on weighing the

seatant applied.

9. Tank No. 2 was comrmletely faying surface sealcd ind

%
&L
33
=
&
Ll
E
E»
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B
E»

fiilet sealed. Figure 5 shows details of this tank

prior to installiation of the spar web.

10, The sealant in each tank received several conditions
of cure deyending upon location, since the tanks were
progressively fabricated and sealed in several steps.
Interim cures were generally ) to 2 hours at 160°F.
Upon completion of each tank a minimum cure of 2
hours at 160°F plus 1 hour at 300°F was used. The
thermocouples and laboratory test specimzns were then
installed in each tank {see Figure 6) and the access
doors installed using steel bolts in nutplates through
faying surface seals. The tanks then received one
additfonal cure of 2 hours at 160°F and 1 hour at
300°F.

SCEING|NC. D3-8297
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11.

12.

PEVLTR: A
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Completed tank; were leak tested by applying 5 - 10 pst
air pressure internally and immersing tanks in water
or applying bubble (soap) solution externzlly. Both
tanks exhibfted several (up to 9) fastener leaks which
were repafred by applying additional sealant over the
fasteners on the tank interior. The completed tanks

are shown in Figure 6 prior to installation of the

access doors.

After the sealing of the tanks had been completed,
Dow Corning became concerned that sealant lot No.
1114, used to seal both tanks, may not be representa-
tive of their best sealant. It was requested that we
check the thermal stability of this lot by exposing
standard tensile strength and elongation specimens

to dry heat at 450°F for 7 days. This was done,

along with several other tests, with results as follows:

a. JTensile Strength and Elongation

Ultimate Tensile

Exposure Average % Strength, psi
(5 Specimens/Condition) tlongation Average Range
(1) Control (No Exposure) 284 680 62
(2) Dry Heat, 450°F, 7 Days 232 503 129

(3) Immersed in Fuel 2 Days
140°F; Plus Dry Heat,
450°F, 7 Days

~n
"~
w
F i
L+
X

(4) Same as (3) Except
Exposud in a Closed Quart 220 347
Jar During Dry Heat

BDEING|NO. 13-829)
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b.

C.
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Reversion resistance was determined by injecting
sealant in aluminum and steel tubes 6 to 24 inches
long, and with inside diameters of .11 to .25 inch.
The sealan® generally reverted to an uncured fluid
after 3 to 7 days exposure tc dry heat at 450°F,

The sealant appears unsuitable for enclosed injecticens,

A control peel panel pulled 19 1bs./inch at room

temperature with 100 perceat cohesive separation.

Original application time of this lot, as measured

by "snap-time"” was 2 - 4 hours at room temperature when
the material was first received in December 1969.

In January 1970 this had increased to about 48 hcurs.

This indicates a considerable change during storage.

The sealant cured adegquately in a faying surface
after 3 hours at 300°F, or 2 hours at 160°F plus

1 hour at 300°F. Adhesion to the primer was very
poor. The sealant exhibited extensive "mud-cracking"
or channeling, apparently cavsed by tearing due to

thermal expansion and contraction.

SOEING|NO. 13-8297
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f. Fillet cure properties were as follows:

(1) At room temperature the durometer hardness
was only 20 after 10 days. Sealant was ta..-
free.in approximately 48 hour:,

(2) At 16G°F the sealant was tack-free in 15
minutes and cuved to a hardness of 27 in

3-1/2 hours.

(3) At 300°F the sealant curac to a hardness of
37 in 70 minutes.

The sealant appeared to be unsuitable for faying surfice
or injection sealing. However, the thermal stability
appeared satisfactory and it was decided to go ahead

and initiate environmental conditioning of the two

test tanks.

SOEING|NO. 13-8297
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'2.2 Preparation and Testing Of Physical Property Specimens
1. Twenty-one sets of the following specimens were prepared

for environmental aging in the two test tanks.

a. Ultimate Tensile Strength and Elongation per ASTM-D-412
Four ASTM-D-412 Die C (half-scale: 0.5 by 2.0 in.,

with 0,125 in, neck) specimens were prapared for each
set from slabs prepared as described in paragraph 3,
below. Specimens were tested berore and atter periods

of environxental conditioning at a jaw separation rate

cf 10 inches per minute. Ultimate tensile strength
and elongation was reported as the average of four

specimens.

b. VYolume Change per ASTM-D-471

Four specimens approximately 1 by 2 inches were
prepared from slabs prepared for each set as de-
scribed in paragraph 3, below. Volume change,
reported as the average of four specimens, was de-

termined after periods of environmental conditioning,

¢. Hardness per ASTM-D-2240
Type A (Shore A) hardness was determined using the
above volume change specimens before and after periods
of environmental conditioning. Tests were in accord-
ance with ASTM-D-2240 using a one kilogram weight and
a five second reading. The hardness reported was the

average of four specimens.

SOESNG|NO. 13-8297
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v d. Meight Loss v

Weight loss was determined using the above volume
change specimens. Before and after periods of
environmental conditioning, ine specimens were con-
diticned for 24 hours in a dessicator and then weighed
immediately. Percentage weicht loss was calculated -

as foliows:

¥
where Wy = Weight of sample before aging.

Wy = Wefght of sample after aging.

Percent weight loss was reported as the average of

four specimens.

¢, Peel Strength
(1) One peel strength panel was prepared for each

set using 0.05 by 2.9 by 6 inch parels from
6A1-4V titanium alloy. An equal number of
2.9 by 12 inch strips of 200 mesh stainless
steel screen were also prepared. Panels were
vapor degreased, followed by nitric-hydrofluoric .

acid stching. The screen was vapor degreased.

woEsnves|no. 03-8297
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Peel Strength (Continued)

(2)

(3)

(4)

Immediately prior tc preparing specimens they

were solvent cleaned with BMS 11-7 cleaner per

BAC 5504, Panels and screen were then primed

with 2 thin coat of dow Corning 77-037 primer.
Primer was allowed to dry a minimum of 45

minuies prior to applying sealant.

Sealant, mixed per paragraph 2 below, was applied
to approximately five inches at one end of each
panel to a depth of 0.125 +0.025 inches using

a suitable jig. The primed screen was impregnated
for five inches on one end and placed on each

panel in such a manner that the loose unimpregnated
end faced the end of the panel free from seslant.
The screen was smoothed down on the sealant care-
fully to avoid trapping air under the screen. An
additional 0.125 #0.025 inch thick layer of seal-
ant was applied over the unimpregnated screen.

The specimens were cured per paragraph 4, below.
Before and after periods of environmental condition-
ing, two 1.0 inch wide strips were prepared on

each panel by cutting completely through the screen
and sealant to the metal length-wise along the panel

snd continuing completely along the unimpregnated

SOEING|NO. 03-8297
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Peel Strenqth (Continued,

(4}

(5)

(Continued)

screzen. The loose end cf each 1 inch wide strip
fn turn was clamped in cne jaw of a suitable
recording tensile testing machine and the acjacent
end of the panel was fastened in the other jaw

as shown in Figure 7. Cuts through the sealant
under the screen were made so that an initial
separation of sealant from the metal panel was
promoted. The screen was pulled at an angle of
180 degrees from the panel and at the rate (f

2 inches per minute in jaw separation.

Cuts 1n the sealant to the metal panel at the
Junction of separation were made at an angle of

45 degrees towards the direction of separation

at approximately 0.4 inch increments (approxi-
mately every 24 seconds) on the left side of the
panel as shown in Figure 7, No cuts were required
for 100 percent adhesive failure; however, any
cohesive failure was treated as above. On the
right side, except for the initial cut to promote
separation, cuts were made only as necessary to ’
prevent ithe seaiant from peeling from the szsreen,

A1l cuts extended completely across the strip :
Yeing peeled and penetrated completely through

the seaiant to tine panel.
SDEI/E|NO. 3-8297
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e. Peel Strength (Continued)

(6) The percent cohesive separation was determined
from the ratio of cohesive separation area to
total -cohesive and adhesive separation on both
test areas. The cohesive strength was determined
durina cohesive tear. The average of the cohesive
strength, as aatermined from an extensiometer
graph of the right side pulil, was recorded. Values
recorded during cutting or while load is being
picked up after cutting were not included in the
average. Panels which were environmentally exposed
were tested within 24 hours after removal from the

exposure condition.

The sealant was mixed in accordance with the following pro-

cedure:

a. MWeigh onto a clean flat stainless steel plate or pan
the correct amounts of base and activator immediately
prior to mixing. Do not 2allow activator to cuntact

the plate.

b. Hand mix by folding and squeczing the sealant compound
with a spatuia. Hix for a minimum of 5 minutes and

until sealant compounds appears uniform.

BDEING|NO. D3-8297
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f.

Spread the sealant compound on a clean flat stain-
less steel plate or pan so that the maximum depth
is less than 1/2 inch. De-gas the sealant compound

for 10 minutes with a vacuum of 0.24 psia or better.

Remove the plunger and plug the nozzle end of a

cartridge for the Semco No. 250 gun. Scoop up sealant .
with a spatula, place it in the open end of the cart-

ridge and drive it down by sharply ranping the nozzle

end of the cartridge on something solid. Repeat until

the cartridge is filled.

De-gas the filled cartridge for five minutes with a
vacuum of 0.25 psia or better, A plastic film may
be used as an extension of the cartridge to prevent
overflow of the sealant. Place the plunger in th2

cartridge using care to minimize air entrapment.

Sealant was used within 2 hours after mixing.

SOEING|NC. 03-8297
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3. Sealant slabs were prapared as follows:

a. Sealant mixed per paragraph 2, was injected into
a8 teflon lined closed mold to 2 thickness of 0.125
40,008 1néhes.

b. The mold was filled by extruding the sealant from
a sealant gun with a Semco No. 440 nozzle. The
nozzle was freed of air by a preliminary extrusion
of 2 to 3 inches of sealant. During the casting
operation, the tip of the nozzle was placed in an
injection hole and was not removed until the mold

was filled to excess.

c. Sealant was cured 48 hours miaimum at room temper-
ature plus 2 hours at 160°F. The sealant slabs were

then removed from the mold and cured 1 hour at 300°F,

4, Sealant specimens were cured a minimum of 2 hours at

160°F plus 1 hour at 300°F. Subsequent roovm temperature
cure prior to environmental conditioning was at least

30 days.

SDEING|NO. D3-8297
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5. Ten sets of the above specimens were positioned inside +
of each test tank (see Tank No, 2 in Figure 6). These
specimens were environmentally conditioned along with
each tank. Specimens were removed periodically and
tested as described above in paragraph 1. One set of
specimens was a control (unexposed) set and was held
at ambient laboratory conditions. This set was tested
with the first set of environmentally conditioned speci-
mens. Test specimens ready for installation in one tank

are shown in Figure 8.

6. Physical proverty specimen test results are reported in

Table 1,

Ly b ¢ v !
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2.3 Environmental Condi{tioning

1.

2.

REVLTR:

a-%093 AY

The environmental conditioning of the test tanks was
accomplished by placing each tanl in separate electri-
cally heated aiuuinun chambers which were inerted with
nitrogen. Figure 9 is a flow chart and Figure 10 is a
photograph of the environmental conditioning test equip-
ment. Figure 11 shows one chamber during installation
of the side bayonet type strip heaters. Similar hea.ers
were also installed on the bottom of the chambers. fhe
chambers were insulated on the exterior with firebri:k

covered with fiberglas batting.

Thermocouples were placed on three heaters (two side
and one bottom) for each chamber. These six thermo-
couple temperatures were continuously recorded on one
six-point recorder. This recorder was equipped with an
over-temperature control to preclude over-heating of

the heaters.

MDEING INO. D3-8297
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3. Thermocouples were installed in the tank intertors in
the locations indicated in Figure 6. Thermocouples
were also inserted in drilled holes in one extearior
corner of each heavy steel end plate at the ends of
each tank. Three thermocouple temperatures for each
tank (top plate, tank interior, and bottom plate) were
con*inucusly recorded on the second six-point recorder,
This recorder was also equipped with an over-temperature
control to preclude over-heating of the tanks, For each
chamber, the side and bottom heater temperatures were
separately controlled by two Thermac Temparature Con-
troller and Power Regulator !inits (one for side heaters,

one for bottom heaters). Each s3ide heater Thermac Unit

controlled sice heater temperatures by means of a thermo-
couple in each tank interior. Each bottom heater Thermac
Unit controlled bottom heater temperatures by means of a

thermocouple in each tank bottom plate,

SOEING]INO. 03-8297
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Initial heat up of one environmental chamber was conduct-
ed with an old previously tested titanfum tank installed
in the chamber to check tank tempecature variations. This
chamber, in 1ts orfginal configuration, had side heaters
only, Temperature variations in any horizontal plane
arvund the test tank were less than 10°F which was con-
stdered satisfactory. However, the temperature varijations
in a ver¢ical direction was over 100°F (tank bottom was
only 200°F when the tank top was 312°F). It was therefore
considered :cessary to install heaters on the bottoms of

the chambers,

Inittally it had been planred to expose the tanks to liquid
tuel for 1 hour at 140 - 150°F each working day {5 times

a week). However, excessively ling times were required

to heat up the tanks for the elevated tamperature fuel

vapor exposure (approximately 2 hours) and to stabilize

at the desired temperature range (approximately 8 hours,
subsequently reduced to about 3 hours). It was therefore
agreed that one weekly liquid ¥ual exposure of approximately
16 hours {s satisfactory, 7This will allow a weekly ele-
vated temperature fuel vapor expisure of approximately

130 hours,
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6. During the elevated temperature environmental condition-

ing nitrogen and 1iquid fuel were added to each tank at
the following rates:
a. Nitrogen was added at a rate of one tank volume '

every three hours. With a tank volume of approxi-

mately 27 gallons, this was a nitrogen purge rate
of approximately 570 cubic centimeters per minute,

b, Lliquid fuel was added at a rate of 0.1 percent tank
volume every 90 minutes. This was calculated to be
approximately 1.5 cubic centimeters per minute.

¢. Nitrogen and fuel additions were metered using shield-
ed type compact flowmeters (size 12 and 11 respecti-

vely) from Roger Tilmont Indus‘ries, Incorporated.

7. Fuel used for the first eight environmenta: conditicning A
cycles was MIL-J-5181 Grade JI with 18.2 percent aromatics.
This fuel was purchased from Cryztal Refining Company,

Carsoan City, Michigan. Subsequently all fuel was ASTM
D1455 Jet A with 14,8 to 15.3 percent aromatics, and
purchased from Standard 011 of California, Salt Lake City,
Utah,

8. The environmental conditioning for each cycle is shown in

Tables 2 and 3 for Tank Numbers 1 and 2 respectively.
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2,4 Oynamic Load Cyciing +

2.4.1 Description Of Dynamic Test Device

The Dynamic Test Device was originally developed and used
under Boeing-A{r Force Materfals Laboratory research
contract reported in Reference 1. An improved versfon

of this test device (Figure 12) was subsequently built
under a Boeing research program. Torsional loads are
applied by mounting a test tank horizontally as a
cantilever beam, with one end firmly attached to the
steel frame and the other end subjected to dynamic
loading using a hydraulic ram. Cyclic loading ts accom-
plished by a timer which operates a valve causing the

raa to cycle,

To evaluate a tank at elevated temperatures, an insulated
chamber attaches to the test jig, completely enclosing

the test tank. The chamber is 2 stainiess steel cylinder,
consisting of two half-sections with fibergiass insulation,
as shown in Figure 13, Heating of the tank is accomplish-
ed by blowing hot air between the tank and the -insulated

chamber.

To evaluate a tank at low temperatures, cold JP-4 fuel is
‘ifrculated througii the tank, lhe fuel is cooled to the
desived temperature by pumping it through a cotl immersed

in a mixture of trichloroethylene and dry ice (see Figure 12).
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;.4.2 Determination Of Torsional Load Levels

1. Commercial A{rplane Group stress analysis on the iest tanks
indicated that they were shear ond fatigue resistant up to
159,000 inch-pounds torsional loading. Some tests were
conducted to determine the range of joint deflections that
would be obtained during cyclic loading. The tank used for
this purpose w2s one used previously in an Air Force Ma-
terial Laboratory Contract. This tank had been dissembled,
stripped, cleaned up, and reassembled. This tank is identi-

cal to the two tanks being tested in this program, with

the following exceptions:

a. It had been used previously at torsional loads up
to 270,000 ¢{nch-pounds.

b. It was assembled with 0.25 {ach steel nuts and bolts,
torqued to 60-100 inch-pounds.

¢. The access door is 0.10 inch thick 2024-T3 aluminum
with two reinforced 4 inch diameter holei to permit
measuring joint deflections by hand.

d. The center rib web contained no cut-outs.

bt s
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2.4.2 (Continued) +

2. It was very difficult to measure the joint gaps due to

lack of visibility and the restricted access through

the holes in the access doors. Joint gaps were measured
manually by inserting swmall feeler gauges in the joints.
Many of the extrusions used in the tank had curved edges
making exact measurement impossible. The smallest gauge
that could be handled under these circumstances was 3 mils.
Infitially (prior to loading) the joint gaps were generally
0 - 3 mils, with the following exceptions:

a. Center rib attachments to the spar web and the
upper and lower skins: 3 - 13* mil gaps.
b. Spar web to spar chord adjacent to lower skin:
3 - 11* mil gaps.
c. Lower skin at longitudinal stiffener: 13 - >18* mil gaps.
d. Upper skin at longitudinal stiffener: 3 - 5 mil gaps.

*Larger joint gaps were due to, (1) dimensional varifations
in t:tanfum extrusions purchased back in 1963, (2) poor
fit of center rib, and (3) possibly some permanent deformation

of skins and web when previously used,
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2.4.2 (Continued)

3. Torsional loading of this tank at 160,000 inch-pounds
produced iittle measurable increases in joint gaps. Two
places on the spar web increased--one 2 ails and one % mils,
Torsfonal loading at 200,000 inch-pounds produced several

increases in joint gaps:

a. Spar Web: 1 place 4 mil increase.
b. Upper Skin at
Longi tudinal Stiffener: 1 place 2 mil increase,
1 place 5 mil increase.
c. Lower Skin at
Longli tudinal Stiffener: Several places where gaps

fncreased 4 - 10 mils,

4. iLoading at this ievel did not appsar to produce permanent
visible deformation of the structure. However, when loaded
to 240,000 {nch-pounds torque, some slight permanent de-
formation of lcwer skin was observed. Therefore, the load
levels chosen for the two test tanks was 160,000 tnch-pounds

{many cycles) and 200,000 tnch-pounds (fewer cycles).
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2.4.3 General Test Procedure For Dynamic Cycling and
Leak Testing Of Tanks
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Environmental conditioning of each test tank per Section
2.3 was interrupted periodically to conduct cyclic torsional
load testing at a high temperature, low temperature, and

at room temperature.
Torsional loading was conducted as follows:
590 Torsional Load 10 Torsional Load

Tank Test Temperature Cycles At Cycles At
Room Temperature 160,000 inch-pounds 200,000 inch-pounds

Low Temperature
(-45 to -50°F) 460,000 inch-pounds 200,000 inch-pounds

High Temperature ‘
?626 tn 441°F) 128,000 inch-pounds 160,000 inch-pounds
Load cycling rate was generally 8 - 12 cycles per minute,

Each cycle included torsionai ioading in both directions.

After dynamic cycling at each temperature, each tznk was ieak
tested by applying 10 psi¢ pressure internally, appliying
aqueous soap solutfon to the tank externally, ond recording
all leakage as indicated by soap bubbles at tha external

lezk location., Leakage s recorded in Appendix A,
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Evaluaticn Of Tanks After Four Cycles Of
Environmental Conditioning

1.

The primary test areas of each tank were considered

to be the upper and lower skins and the spar. These

areas, including the center rib, more closely simulated
tvnical integral fuel tank structure and therafore the
performance of the sealant in these areas is of primary
significance. Areas of the tank that are out of the
primary test area are the tank ends and the access door.
The ends of the tank are composed of heavy steel end

plates and jig attach fittings. These areas do not con-
tain typical structure and may be subjected %z unrealistic
loads and deflections. The access door was faying surface
sealed and attached by 2 single row of removable steel
bolts. Door joint deflections and faying seal width {s

not ty.ical of fuel tank structure. Therefore the tank
ends (including areas under the jig attach fitting fingers),
and the access door are not part of the primary test areas,
and the performance of the sealant in these areas is of

secondary importance only. These areas are designated

secondary test areas.
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2.5 (Continued)

REVLTR: A | SECT

Upon completion of four cycles of environmental conditioning
(524 hours exposure to fuel vapor at 415-441°F, per Tables

2 and 3) both tanks were removed from the environmental
chambers and leak tested. Leakage is summarized in Table 4,
Specific leak locations are shown in Appendix A. There was
considerable leakage in the secondary test areas (tank ends
and access door). The reasons for these leaks appeared to
be due to, (1) extrusfion of sealant from the injections, and
(2) loss of adhesion of the sealant to the Sermetal ¥ painted
steel parts in these areas. Considerable work was expended
to clean up these leaking areas on the exterior of the tanks
and to seal these leaks externally with the test seaiant,
Since the tanks were not opened at this point the cause of

the fastener leaks in the primary test areas was not evident.

Both tanks were installed (separately) on the Dynamic Test
Device and load cycled per Sectfon 2.4.3 at an elevated
temperature of 428-439°F, Prior to heating, one l{iter of
test fuel was added to Tank No. 1, and three iiters were
added to Tank No. 2. The tanks were coantinuousiy purged

with nitrogen and were not pressurized.

Cn completion of dynamic cycling, the tanks were again leak

tested. Leakage is shown in Table 4.
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2.5 (Continued)

4. The tank access doors were removed, and examination of the

interior revealed the feollowing:

a.

b.

REVLTR: A
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Fastener Leaks

The fastener leaks w:re generally due to, (1) loss of
sealant adhesion to titanium adjacent to fasteners
(see Figure 14), or (2) small cracks in the sealant.
Rumerous fasteners not leaking alsc exhibited these
conditions. The causes of the 22 fasieners leaking
in Tank No. 1 were generally much less evident than
for Tank No. 2.

Joint Leaks

Although only Tank No. 2 contained joint leakage, both
tanks exhibited cracking and/or loss of adhesion of
Joint fillets at corners (where fillets make a 9G
degree turn). At the center rib Tank No. 1 and No. 2
had two and five cracked corner fillets respectively
(see Figures 15, 16, and 17). Both tanks also had
cracked and loose fillets at the corners of the end

plates.
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2.5 (Conttnued)

REVLTR:

Apparent causes of sealant failures were:

a. Poor sealant adhesion to titanium.

b. Low adhesive and cohesive strength of sealant at
eievated temperatures (peel strength is only 2.5
pounds per inch at room temperature per Section 2.2).

c. Thermal expansion problems (expansion of injection
seals under fillets in corners may be the cause of
corner fillet failures).

d. Undersize applications of sealant over fasteners, or
entrapped air bubbles in sealant may have caused a

few fastener leaks.

Joiat fillets not in corners were generally satisfactory
in both tanks. The fifteen jofnt leaks in Tank No., 2
were gererally adjacent to leaking fasteners or corners
where joint fillets were cracked or loose., Tank No. 2
was completely faying surface sealed, bui exhibited 15
Joint leaks and 51 fastener leaks. Tank No. 1, faying
sealed at center rib only, exhibited no joint leaks and
only 22 fasteaer leaks. This was a paradox not readily
understood. It appeared that the faying surface seals in

Tank No. 2 were completely ineffective.

It was decided at this point to, (1) repair discrepant
sealant in Tank No. 1 and continue testing, and (2) to

terminate testing of Tank No. 2 because of excessive leakage.

SO ING N0, D3-8297
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2.6

Repairs and Continuation Of Testing Of Tank No. 1

2.6,1 Repairs Of Tank

1.

Four pounds of Dow-Corning 77-028 sealant, Lot No. 104105 and
one pint of 77-037 priwmer, Lot Ko. E23-276, were received on
April 24, 1970, to repair Tank No. 1. Preliminary testing
showed that the new sealant would not adhere to cured un-
exposed sealant, and when applied to sealant previously ex-
posed to fuel the new sealant would not cure at the interface.
Subsequent testing showed that if the fuel exposed sealant

was dried to remove the fuel (overnight at ubout 425°F)

and the exposed surface then cut away and fresh sealant
applied, marginal compatibility (2 pounds per inch peel
strength) could be obtained. The tank was therefore exposed
to dry heat for 18 hours at 425°F, Some additional small
cracks in fillets and areas of poor adhesion were discovered
during repairs. The sealant was very easy to damage. Cutting
away discrepant sealant frequently caused adjacent sealant

to crack or come joose.

OEING|NO. D3-8297
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2.6.1 (Continued) +

2. A1l fillets showing cracks and/or poor adhesion were removed
and replaced with new sealant. Cleaning of the metal was
accomplished with aluminum wool, Scotchbrite, and gauze
dampened with BMS 11.7 cleaner. Leakage before and affer

rep2irs is summarized in Table 5 (Leakage Test No. 2 and 3).

In general, the repairs eliminated very few leaks. Sixteen
old fastener leaks were eliminated, but 20 new ones develop-
ed. Additional leakage was probably due to, (1) damage of
sealant during repairs, and (2) to the need to bake the

aged sealant to remove the fuel in order to make the aged
sealant repatrable, Leakage at the tank ends was not

reduced appreciably, but load cycling and additional environ:

mental conditioning was still considered feastible.

2.6.2 Dynamic Load Cycling After Repairs
1. The tank was fnstalled on the dynamic test device and load
cycled per Section 2.4.3 at -47 to -49°F and at room temper-
ature., A detailed leak test could not te conducted readily
at this point since the tank was still on the dynamic test
device and was wet with fuel which prevented the soap
solution from working properly. However, leakage recorded

is shown in Table 5 (Leakage Test No. 4).

SOEING|NO. D3-8297
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5.6.2 {Continued)

2,

REVLTR:

X-3033 (A Y

The tank was subsequently heated to 429-441°F and load
cycled for 20 cycles at 160,000 inch-pounds torque plus
30 cycles at 128,000 inch-pounds. This hot load cycling
was conducted to see 1f the new fillet repairs would crack
with no prior environmental conditioning. Leakage is
summarized in Table 5 (Leakage Test No. 5). Ten joint
lTeaks and 80 fastener leaks were present in the primary
test areas. Approxiaatély 54 of the fastener leaks were
new, Seven of the ten joint leaks were adjacent to leak-
ing fusteners. These fasteners were probably the source
of seven joint leaks, and may be the source of the other

three.

Examination of the tank interior after the above described

load cycling can be summarized as follows:

a. The new fillets installed during repairs showed
no major cracking, but there were numerous areas
of loss of adhesion to the structure and the old
seaiant., This was about 20 percent of the repaired
areas. There were some small cracks in new and old
sealant in fillets at ends of tank in coriers.

b. 0ld sealant fillets in tank ends show additional
loss of adhesion,

c. Cause of the many additional fastener leaks was not

apparent.

d. The fillets in general °W3‘5~&'w good.
» 3 |l;i-azgl
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2.6.2 (Continued)

4.

After the above load cycling the access door was again
leaking badly. During the room temperature cycling it
was observed that the access door was moving (sliding)
excessively at the faying surface due to the oversize
fastener holes in the door (which were necessary tc make
the door fit). A new door was fabricated and installed
prior to continuation of environmental conditioning per
Section 2,6.3. A small amount of a low expanrion sealant
(Dow Corning 77-066, Lot Z-40-15) was used in the prepack
channels at each end of the access door; however, this
was not considered 19 be a good evaluation of this ma-

terial.

2.6.,3 Evaluation Of Tank No. 1 After 12 Cycles Of Environmental
Conditioning

.

Tank No. 1 was exposed to efght additional cycles of
environmental conditioning per Table 2 (Cycles 5 through
12). Accumulated exposures after 12 cycles were as follows:

a. Liquid Fuel Exposure

Ambient « 139°F 204.6 Hours
140°F -  150°F 173.0 Hours
152°F - 175°F _30.5 Hours
Total Liquid Fuel Exposure 408.1 Hours At Ambient
To 175°F

SOEING|NO, 03-8297
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5.6.3 (Continued)

b. Fuel Vapor Exposure
Ambient - 400°F 118.0 Hours
401°F - 425°F 51.3 Hours
415°F - 441°F 624.5 Hours
426°F - 44)°F 939.1 Hours
443°F - 457°F _25.2 Hours
Total Fuel Vapor Exposure 1758.1 Hours At Ambient
To 457°F

1563.6 Hours At 415 - 441°F

2, The tank was then removed from environmental conditioning
and leak tested. Leakage is shown in Table 5 (Leakage
Test No. 6).

3. The tank was then load cycled per Section 2.4.3 at all
three temperatures and again leak tested (see Table §5,
Leakage Test No. 7). There are 24 joint lengths, separated
from each other by faying surface seals, in the primary
test areas (efght each on top skin, lower skin, and spar).
It is difficult to summarize t-e leakage since many leaks
"come and go” (as seen by comparing the total leaks obtain-
ed during Leakage Test No. 6 with those obtained during
(Leakage Test No. 7).

SOLING|NO. D3-8297
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4.

REVLTR:

The tank access door was removed and the sealant examined.
Appendix A (Page A-11) shows the locations and types of

Joint fillet defects found, which can be summarized as

follows:
Number
Symbol Type Of Defect 0f Defects

Small crack or loss of adhesion,

Crack generally penetrates to sub- 40
strate with some accompanying loss

of adhesion.

2YWo)
(@
(::) Crack in repair fillet. 1
@
(2

Luss of adhesion of repair fillet
to titanium, 2

Loss of adhesion of repair fillet
to original fillet. 2

& EInVe|NO. 03-8297
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2.6.3 (Continued)

5. In an effort to determine where the leaks originated, an in-
terior leakage analysis test was conducted by placing a
transparent access door on the tank, applying 5 psig
negative (vacuum) pressure to the tank interfor and observ-
ing leaks on the interior bubbliag through a 1 to 2 inch
layer of water., It was desired io determine the foilowing:

(1) Whether the exterior leaks were primarily
caused by leaking fasteners or joint fillets.

(2) WYhether joint fiiiets were leaking in straight
fillet areas or only at corners (where cracks
and loss of adhesion had made previous repairs
necessary).

Interior leakage obtained by this methnd is shown in

Appendix A (Page A-12) and the numbers of leaks obtained

can be summarized as follows:

Relative Rate Of Leakage

Origin Of Leak Smat) targe
?n:iBug?le (:) Continuous Vigorous
ndication Butbling Bubbling |
Sealant over fastener 4] Leaks 9 Leaks 1 Leak
Joint fillet at or
ear corner 8 Leaks 4 Leaks 2 Leaks
Joint fillet in 28 Leaks 7 Leaks 0 Leaks

straight-seam areas

Uncertain (Joint fillet
and sealant over 0 Leaks 3 Leaks 0 Leaks
fastener are continuous)

One bubble forms on sealant but does not break and reform.
These can be classified as possible or suspected leaks only.

MPPEINES {NO. D3-8297
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6.

REVLTR:y

An attempt was made to correlate the exterior leakage

(Table 5), the interior sealant Jefects (Item 4 abov:) and

the interior leakagze (Item 5 above). In general, there is

very little correlation; however, the following {items are

considered significant:

b.

Ce

d.

On the tank exterior 11 to 15 percent of the fasteners
and 25 to 33 pcrcent of the 24 joint areas are leaking.
On the tank interior 10 fastener leaks were confirmed,
ith 41 more suspected. Thirteen joint fillet leaks

were confirmed, with 36 more suspected.

Of the 13 confirmed joint fillet leaks, 7 leaks were
in straight seam areas (not it or aear corners).

Nene of these 7 leaks were a: the 32 defects men:iioned
in Item d., below.

Forty defects (small cracks and/or spots showing

loss of adhesion) were observed in the joint fillets.

Thirty-two ¢f these defects were in straight seam

areas (not at or near corners).

At this point 1t appeared that the sealant was cracking

and losing adhesion because of the low physical proparties

resulting from inadequate resistance to the environmental

conditioning and structural loading. Continuation of the

testing of this tank in -Section 2.7 was primarily to evalu-

ate sealant repair procedures.

SOEINLINO, D3-8297
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2.7 Evaluatt
1. Defe

on Of Sealant Repair Procedures In Tank Neo. 1

ctive and/or leaking joint fillets were removed

from 14 locations (crosshatched areas in Apperdix A,

Page
the
ed |
Alrp

C.

d.

f.
9.

REVLTIR:

A-12). In ovder to evaluate the repairability of
fuel cged discrepant sealant, these areas were repair-
n August 1970 using sealant received from Commercial

lane Group. The following repair procedure was used:

Fuel aged scalant was dried 16 hours at 420°F

to remove fuel,

Uried sealant was then scrubbed with cheesecioth and
5MS 11-7 solvent tc clean and remove gloss.
Structure was cleaned with Scotchbrite and cheese-
cloth wet with BMS 11-7,

A thin coat of primer was applied to structure

only ;nd dried 1 to 2 hours.

A thin brush coat of freshly thawed sealznt was
applied to structue and old sealant with acid brushes.
Sealant fillets were applied within one hour.
Sealant was cured overnight at room .temperature,

2 hours at 160°F and 1 hour at 300°F.

DO EFNEFINO. 13-8287
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g’ ;.7 {Continuec) ) f
§~ 2. It was not possible to clean the old sealant without

%g causing some loss of adhesion. No 2ttempt was made to

§§ repair the leaking fasteners. The cads of the tank (cut

%f g ) of the primary test areas) were still leaking considerably

%% _ and not considered repairable. (Fuel leakage during the

E% : 16 hour liquid fuel exposure portions of environmerntal

%% conditioning cycles 8 through 12 ranged from 1200 to

é% ; 10,300 mitli1iters,)

: 3. The tank was exposed to 8 additional cycles of environmental
conditioning per Table 2 (Cycles 13 through 20). Total
accumulated exposures after 20 cycles were as follows:

a. Liquid Fuel Exposure
Ambient -  140°F 236.6 Hours
140°F -  150°F 290.5 Hours
152°F -  175°F _54.0 Hours
3 Total Liquid Fuel Exposure  581.1 Hours At Ambient To 175°F

b. Fuel Vapcr Exposure

Ambient - 400°F 220.6 Hours

401°F -  425°F 67.1 Hours

_ M15°F - AMIF 637.0 Hours

£ - 426°F - A41°F  1983.1 Hours
u M3°F - 457°F 42,2 Hours

Total Fuel Vapor Exposure 2950.0 Hours At Ambient To 457°F

2620.1 Hours At 415°F To 441°F
The fuel vapor exposure after the repatrs reported i{n Item 1,

above was 1056.5 hours at JV5°F t"i»;[;vprlo
4 '—w—
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2.7

REVLTR: A | SECT

(Contfinued) +

4.

X-3099 R

The tank was removed from environmental conditioning and
lsak checked by putting approximately 2 inches of water

in the tank, installing an acrylic door, applying 5 psi

of vacuum and observing bubbles. Results are summarized

in Appendix A (Page A-13)., There were 2 leaks in one of
the 6 repaired areas of the upper panel. In the lower
panel therz was 1 leak in one of the 3 repaired areas,

one new fillet leak and 4 new fastener leaks, The spar ha<

2 of 5 repaired areas leaking and 1 new fastener leax.

A number of cracks in the thin faired portion cf the fillets
was observed. Under these cra:ks are bare spots where the
sealant separated adhesively. A oortion of the cracked
fillets were removed in 4 locations. Also, one leaking
repair in the spar was removed, rvevealing a section where

there was nc adhesion.

These were all repaired according to the procedure described
1« Item 1 above, except that 400 grit aluminum oxide sand-
paper was used to abrade the surface. Following repair and
an overnight bake in air at 180°F, three of the repairs

were rémoved to check adhesion., Good adhesion had been

mainteined. These three repairs were then repaired again,

SOEING | NO. D3-8297
PAGE 48

98




T R e o

" LI o Voo m -
TP D AGTUOALEANEN R AR € B T MR R ki

s LA ]

v
2.7 (Continued)

7.

REVLTR:

The tank was closed up and piaced in the environmental
chamber where 1t was filled with fuel and exposed at room
temperature for 14 days. It was refilled perfodically as

fuel leaked out.

The tank was then placed on the dynawmic test device and

load cycled as follows:

a. 500 Cycles at 426 to 441°F and 128,000 inch-pounds torque.
b. 510 cycles at room temperature (500 cycles at 160,300
inch-~ounds torque and 10 cycles at 200,000 inch-

pounds torgue).

The tank was then environmentally conditioned in accordance
with Table 2, Cycles 21 through 31. Environmental con-
ditioning was the same as used previously (Section 2.3)
except the 1iquid exposure for each cycle was reduced to

one hour due to the excessive leakage of this tank.

Environmental conditioning of Tank fHo. 1 was terminated

upon completion of Cycle 31 due to program cancellatian

in March 1971. 1In August 1971 the p-ogram was reactivated
and Tank No. ) was leak tested ard examined after 31 environ-
mental conditioning cycies (see lable 2). The leakage
observed is shown in Appendix A (page A-13). With the ex-
ception of the new leak at the 1/4" crack in the spar fillet,

SOEFSA/L|NO. 03-8297
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all new leaks were smal!l and nearly undctectable. Oniy two of

these new leaks weve ir any of the repairs made after 20 environ-

wental conaftioning cycles and they were in the same repaired section.
There were 10 new leaks in repairs made after 12 environmental con-
ditioning cycles, and 12 new leaks in original sealant. Note how-

ever, that no new leaks occurred in seven of the fourteen repairs

made after 12 environmental conditioning cycles. These repairs

had accumulated a total of 2298 hours fuel vapor exposure, while

the repairs after 20 environmental conditioning cycles had accumu-

lated 1242 rours fuel vapor exposure. The only difference in

the repair procedures was that in the latter case the surfaces to
be repaired were abraded using 400 grit emery paper rather than
the Scotchbrite used in the former case. The test results do not

indicate that the severe abrading was any more effective.

S, Testing of Tank No. 1 is considered complete. No additional test-
ing of this tank is planned.

SoMING|NO. D3-8297
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3. TESTING OF TANK NO. 3 +

3.1 Ganeral Description

e S B Ak A S il A
e

1. This tank was designed, fadbricated. and sealed by Commerctal
. Airplane Group per Reference 4, and was intended to simulate
the SST fuel tank structure more closely than the first two
tanks. The tank was built to much closer tolerances than
was possible for the first two tanks (which were buflt in
1954 with badly warped extrusions that could not be properly
machined). The tank is 10 by 18 inches in cross sectioé and
50 inches long. Skin and spar webs are chemicaily milled
and the top skin contains a full size’etfipticaI shaped fuel

tank access door. The tank is of conventional skin and

stiffener type construction with joggled internal skin
stiffeners, and exterfor skin and spar stiffeners. It has

no intermediate ribs. The tank was primarily fillet secled
with Dow Corning 77-028 (same sealant used in previous tanks),
but also contained a few primary faying surface and injection

seals on the lower skin.

MSOSINGINO. 03-8297
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Inttial Preparation and Testing Of Tank \

1.

2.

3.

4.

R-3038 A1

Tank No. 3 was leak tested inftially by applying 5 psig
internal pressure and immersing the tank in water. One

fastener was leaking (see Appendix B, Page B-1).

Holes in the tank end plates (for fnstallation on the
dynamic test device) were located, drilled and tapped
(sixteen 1/2 inch diameter holes in each end. drilled

about half way through the 2 inch thick end plates).

Six thermocouples were installed in the tank (two eaczh
on upper and lower skin stiffeners, and one in the center

of each end plate).

The tank was placed on the dynamic test device and initial
torsional loads were applied to measure the extent and
depth of web shear wrinkling at five locations. Test data
1s shown in Appendix C. Initial wed buckling was obtained
at approximately 50,000 inch-pounds of torque. Results
showed that at 216,000 inch-pounds of torsion (typical
flight load), significant web wrinkles do exiend into the
pad-up areas of the chem-millad webs and 2ven into the

chords and stiffeners,
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3.3 Dynamic Load Cycling +

3.3.1 General Test Procedure

Dynamic load cycling of Tank No. 3 was conducted per Section 2.4.3

with the fcllowing exceptions:

b.

Yorsional load levels were 2s follows:

Yank Test Temperature 500 Torsional Load
Cycles At

Room Temperature 216,000 frch-pounds

Low Temperature (-45 to -50°F) 216,000 inch-pounds

High Temperature (426 to 441°F) 172,800 inch-pounds

Leak testing was conducted at 5 psig with the tank immersed

in water,

3.3.2 Initial Load Cycling Prior To Aay Environmental Conditioning

1.

The tank was load cycled p-r zection 3.3.1 at room temper-
ature, at the high temperatwro, and at the low temperaiure.

The 12w temperature cycling was terminatec at 330 cycles

when the ends began leaking fuel and it was discoverad

that tike bolts in the end nlates were louse, Both rows of
baits in the upper skin und both spars were very loose (2 to

3 turns). Only a few of the bolts in the lower skin were

loose and these only slightiy. Four bolts in the upper

skin had broken at the threads. Al11 belts were subsequently 8

renlzced with CRES holtc RIOLMIHY, lock-wired in place. y

wer  ws H e wmrie ity 3

& &IV |NO. D3-8297
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3.3.2 (Continued)
2. After the above load cycling (but prior to installing
new bolts) the tank was leak tested. Leakage is shown in

Appendix B, Page B-2, There were two joint leaks in the

Tower skin and two corners were leaking at the ram end.
The fastener leak was the same one leaking prior to any
load cycliing. Based on the fuel leakage from the corners
during dynamic cycling it is probable that more than two
corners would be leaking 1f the tank could be leak tested

under load.

3. The tank was then opened and the interior examined. Numerous
cracks in the fillets were found in the lower skin as shown
in Appendix B, Page B-3, Efght cracks were in joint fillets
and two werc in sealant over fasteners in the primary test
areas of the tank (excluding tank ends). Cracks were also
found in four of the efght corners of the tank (four of
these cracks appeared to be due to separation of repair
sealant). Vacuum leak testing at 3 psig with 2 layer of water ¢
on the bottom skin revealed the source of two exterior leaks to
be fillet seal cracks (see Appendix 8, Pige B-3)., Portions
of the fillets containing cracks at the two leak locations
were carefully removed to preserve the cracked section. Ad-

heston was goad except at one fastener,

SOSING|NO. 03~8297
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3.3.2 (Continued) +

4.

5.

REVLTR:

The tank was then mounted on the dynamic test device.
Members of the Stress Group were in attendance to observe
the wrinkles formed during loading and to assess the effect
on structural 1ife of the tank. It was concluded that

the tank would easily last for the program 11fe. The
wrinkles were very prominent. Three to 4 thousandths of

an inch gap could be measured between the skin and stiffen-

ers cn the outside of the tank in one or two places; however,

deflections inside were less than .0015 inch (in the areas B8
where there were no fillets and measurement was therefore
possible). B

The tank was load cycled at room temperature for an additi-
onal 1500 cycles in an effort to see if additional fillet

cracks would be obtained or if existing cracks would grow.

The two areas where cracked fillets were removed (Item 3)

were repaired, and the tank was load cycled per Section

3.3.1 at the elevated temperature (426 to 441°F), Small

test specimens were attached to the tank during the loading.
They consisted of heavy fillats on GAI4V titantum. One

was for control, one had been “puddled” extensively, and one
was permanently deformed to put the fillet in tension. Follow-
ing the exposure with the tank, these specimens were thermally
shocked a number of times by heating to 440°F and immediateiy
placing in contact with a -40°F surface. In no instance did

we produce new crapks or extend the old ones.

SOEIAMPINO. D3-8297
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10.

REVLTR:

v
3.3.2 (Continued)

The tank was then leak tested (see Appendix B, Page B-4).

Cne new leak was found on the lower skin. The tank was
opened and the fillets examined (see Appendix 8, Page B-5).
Five small fillet cracks were found on one spar fillet,

These were very small and may have been overlooked previ-
ously. Three small cracks were found on fillets of the lower

skin (1 seam fillet crack and 2 fastener fillet cracks).

Leaks were repaired in four areas of the tank {dentified
by in Appendix B, Page B-6. These repairs stopped all
but one leak (which had not been repaired because the

fnterior source could not be {dentified).

The length of all existing cracks was measured and recorded

(see Appendix B, Page B-3).

Physical property test specimens were installed in the tank,
the original access door installed, and environmental con-

ditioning wag initiated on Januzry 13, 1971,

SOEINGINO, 03-8297
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3.4 Preparation and Testing Of Physical Property Specimens
For Tank No. 3

1.

2.

3.

REVLTR:

Physical property test specimens were prepared from slabs
of cured sealant provided by Commerciai Airplane Group.
Slabs were cast from Batch No. 205180 on October 8, 1970,

Ten sets of specimens were prepared. Each set contained:

a. 15 Tensile Strength and Elongation Specimens.

b. 3 Volume Change Specimens.

Five peel panels (prepared by Commercial Airplane Group) and
nine sets of the above specimen; were placed in Tank No. 3.

One set was a Control (Unexposed) Set.

In general, test specimens were prepared and tested in
accordance with Section 2.2. Tensile Strength and Elongation
Specimens were tested at three temperatures (5 specimens

per condition): 75 +5°F, 450 +5°F and -50 +5°F,

Test specimens were removed from the tank and tested per
Section 2.2, paragraph 1. Results obtained are repourted
in Table 6.

BOHIN/EPINO. D3-8297
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3.5 Environmental Conditioning Of Tark No. 3

Environmental conditioningof Tank No. 3 was genevally
accomplished as described in Section 2.3. The specific
environments for each environmental conditioning cycle

is shown in Table 7. Eight cycles were completed when

this program was cancelled in March 1971. The tank

remained closed up and essentially empty (in the Figure 10
Environmental Chamber) until work resumed in August 1971.
The tank was removed frocm the environmental chamber and

leak tested at 5 psi wnile immersed in water. Leakage is
shown in Appendix B, page BR-7. Six of eight corners were
leaking badly. Five small seam lTeaks were found on the
lower skin. Examination of the interior revealed numerous
new cracks. The six leaking corners contained large cracks.
When the tank was dried out (at 310°F for 16 hours) in
preparation for repairs, additional cracks appeared and

many increased in length. Locations of interior cracks

are shown in Appendix B, page 8-8. A 3 psi vacuum leak test
with water on the interior lower skin revealed 7 interior
leaks as shown in Appendix B, page B-9. These leaks were
small. The numerous cracks in the sealant fillets were the
main item of concern. Those in the corners were gapping and
up ¢ 1.5 inches long. New cracks were found in fillets at
ends of lower skin stiffeners. It appeared that the thicker

the fillet the greater the chances of it cracking. Eight

O EINLINO. 13-8297
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cycles of environmental conditioning did not cause the ¢
fillet cracks found initially (prior to environmental
conditioning) to grow or cause leaks.

The 6 leaking corners were repaired and the tank was again
leak tested. See Appendix 3, page B-10. Two of the six
corners were still leaking. One new small seam leak was
found i3 the upper skin.

The tank was installed on the dynamic test device and load
cycled at all three temperatures per Section 3.3.1. The
tank was removed from the dynamic test device and leak
tested. Leakage is shown in Appendix B, page B-11. Seven
new leaks were observed, but were not large enough to
require repairing. Examination of the tank interior showed
no significant changes.

Environmental conditioning of Tank No. 3 was resumed on
September 7 with Cycle No. 9, and was terminated on

Gecember 23, 1971 with Cycle No. 22. See Table 7.
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3.6 Dynamic Load Cycling of Tank No. 3 After 22 Cycles of +
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Environmental Conditioning

After 22 cycles of environmental conditioning (see Table 7)
Tank No. 3 was leak tested by immersion in water as previously .
described. Leakage is shown in Appendix B, pag» B-12. There
were 9 new leaks, fncluding 2 new corner leaks. One of the

2 new corner leaks was a previvusly repaired corner, the other
was & leak in the original sealant. Except for the corners

all leaks were very small. The access door was leaking

badly also.

The tank was opened and the interior examined. The leakage of
the access door was due to 100 percent compression set of

the fluorosilicone door seal. A1l defects in the tank interior
are recorded in Appendix B, page B-13. There were approxi-
mately 28 new defects in the tank since the last examination
(after 8 environmental conditioning cycles, page B-8).

The tank was again placed on the dynamic test device and load
cycled at a1l three temperatures per Section 3.3.1. The

tank was removed and leak tested immersed in water. Leakage

is shown in Appendix B, page B-14. Six new l2aks were obtain-
ed, for a total of approximately 24 leaks. A few leaks travel-
ed to adjacent areas or disappeared. A1l jeaks, except for

the 6 leaking corners, were very small,

A DEINEPINC. D3-8297
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The six leaking corners were repaired andé the tank leak
tested. Leakage after repairs is shown in Appendix B,

page B-15, While leak testing, an additional corner (F-2)
was found to be leaking badly. This appeared to be due

to a crack approximately 1/4 inch long in the sealant that
apparently opened up when the tank was dried out prior to
repairs. The sealant was chamfered back and the crack well
filled with fresh sealant.

Table 8 shows the corner leakage history of tank No. 3.

The door was installed using a gasket made of fluorosilicone
rubber sheet. - The tank was placed in the enviroamental
chamber and enviroﬁmental conditioning was resumed on

23 February 1972.
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3.7 Dynamic Load Cycling of Tank No. 3 After 39 Environmental
Conditioning Cycles (August 1972)

1. After completion of 39 eavironmental canditioning cycles
(see Table 7) Tank No. 3 was removed from the environmental
chamber and leak tested. Leakage is shown in LHppendix B,
page B-16. Prior to repairing leaks the tank was dried
out 16 hours at 40C°F. The tank interior was then examined
and fillet cracks are shown in Appendix B, page B-17. A
few new cracks were evident. It was subsequently decided

to repair leaks after load cycling the tank since no primer

was available at this point.
2. The tank was placed on the dynamic test device and load
cycled at all three tempera*tures per Section 3.3.1. The
tank was removec »nd again leak tested. Leakage, shown in
Appendix B, page t 18, can be summarized as follows as compared

with leakage after 22 environmental conditioning cycles:

After After
Leak Location 22 Cycles 3¢ Cycles
fg Corners (see Table 8) 4 4
¥ Seams 15 7 <:>
0

;g Fasteners 3
i
@ 4 new seam leaks; 12 seam leaks disappeared.

There was no significant increase in interior fillet cracks

after the load cycling (see page B-17).

" b
P I
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3. Of the four leaking corners only two (R-1 and R-2) exhibited
interior defects which appeared to be the cause of the leakage.
These two corners were leaking significantly and were therefore
repaired as follows:

a. Ail defective sc2lant in corner area was removed,
including sealant in the two injections adjacent
to each corner.

b. Metal was scrubbed with aluminum oxide paper
and cleaned with BMS 11-7 cleaner.

c. A thin coat of a new two-part primer (Dow Corning 77-123)
was applied to the metal. This primer replaced the
previously used Dow Corning 77-037 which is no longer

available.

d. The primer was dried 90 minutes i room temperature,
and freshly mixed 77-028 sealant appliied. Sealant was

cured immediately at 300°F for 1 hour minimum.
The 1«c repaired corners were leak tested and showed no leakage.

4. Test-specimens removed from th> tank were tested as before

and results are reported ir Table 6.

. 5. Remaining test specimens and new thermocouples were installed
in the tank and environmental conditioning was resumed on
’ 6 September 1972. The fluorosilicone rubber gasket on the door

was in good condition and was nct replaced.
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SECT PAGE 57.5

REVLTR: D

z-3033 M1 113




v

3.8 Repa
Cond

1.

PEVLTR: D

E-3033 R

ir of Tark No. 3 After 46 Environmental
itioning Cycles (November 1972)

After completion of the liquid fuel exposure portion of environ-
mental conditioning cycle no. 47, approximately 11.5 gallons of
fuel had leaked out of the tank into the environmental chamber.
Prior leakage had been 3jradually increasing from 3/4 gallon
(cycle no. 42) to 5-1/2 gallons (cycles 45 and 46). Due to the
excessive leakage the tank was removed from the environmental
chamber and leak tested with 5 psig air pressure. Al1l 8 corners
of the tank were leaking (see Appendix B, page B-19).

Since most of the leakage would be from those corners that w2re
at the bottom of the tank during environmental conditioning,

it was decided to repair only these four corners (R-1, R-2,
R-3, and R-4). Corners R-1 and R-2 were previously repaired

in September 1972 (see Table 8), and it was apparent that the
new sealant in the injections adjacent to these corners had
expanded and failed the fillets in these corners. These two
corners were repaired with new fillets and the adjacent inject-
ifons were cleaned out and left empty. A1l 4 corners were re-
paired using the procedure used in September (see Sectica 3.7,
Item 3) except sealant was cured overnight at ambient temper-
atures prior to curing at 300°F.

After the repairs the bottom four corners were leak tested

and only corner R-4 was still leaking. This was a small leak
and was not repaired. Environmental conditioning was resumed

on November 20.
SOEING|N0. 13-8297
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'3.9 Dynamic Load Cycling ¢ Tank No. 3 After 54 Environmental
Conditioning Cycles (February 1973)

1. After completion of 54 environmental conditicning cycles (see
Table 7) tank no. 3 was removed from the environmental con-
ditioning chamber and instailed on the dynamic test device.

The tank was load cycled at all three temperatures per Section
3.3.1. The tank was removed and leak tested. Leakage is shown
in Appendix B page B-20. There were 26 seam leaks not in-
cluding one seam on the upper skin which was leaking slightly
over almost its entire iength of 48 inches. All eight corners
were leaking, primarily at the two injections in each corner.

2. The tank was opened and examined. There was no signivicant
change in interior fillet cracks over that previously reported.
Interior leakage as indicated by air at 3 psi vacuum bubbling

through a water layer is shown in Appendix B, page B-21.

3. The four corners which would be at the bottom of the tank
during environmental conditioning (R-1, R-2, R-3, and R-4)

were repaired. A1l sealant in these corners, including the
adjacent injections, was removed. The fillets between corners
were also removed. Structure was cleaned as previously de-
scribed and primed with a new sample of Dow Corniny 77-123
one-part primer. The primer was air dried 90 minutes at ambient
temperature and frozen Dow Corning 77-028 (Lot 40111/, mfg.

Aug. 1971) was applied. The sealant was cured at ambient temper-
atures overnight and then o.en cured 1 - 3 hours at 300°F.

The corners were leak tested and were leak-free.

4, Llaboratory test specimens were removed, tested, and results
added to Table 6. Environmental conditioning was resumed on

February 19,
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mic Load Cycling of Tank No. 3 After 74 Environmental
itioning Cycles (August 1973)

During the liquid exposure portion of environmental corndition-

ing cycle no. 71 the tank leaked 16 gallons of fuel. The tank

was removed from the environmental conditioning chamber and

leak tested. One corner at the tank bottom (R-2) appeared

to be causing the leakage. This corner was repaired with new
sealant using previously described procedures. The door seal

was badly cracked and may have been leaking. This seal was
replaced with a .125 inch thick fluorosilicone (BMS 1-53)

rubber gasket. Environmental conditioning was resumed on June 22.

After compietion of 74 environmental conditioning cycles (see
Table 7) the tank was removed from the environmental condition-
ing chamber, installed on the dynamic test device and lecad cycled
at all three temperatures per Section 3.3.1. The tank was re-
moved and leak tested. Leakage is shown in Appendix B, page
B-22. There were fewer seam and corner leaks tha'. when the tank
was tested after 54 environmental conditioning cycles (see 3.9).
There w2ore 18 seam leaks and 3 corners leaking. Seam leaks at

5 psi pressiure were generally very small. Two of the three
corner leaks were at the end of the tank which was up during
environmental condition1.3. The remaining corner leak was very
smali. Therefore it was decidad not to attempt to repair any

of the leaks.

The tank was opened and examined. There was no significant
chanje in interior appearance. Interior ieakage as indicated
by air at 3 psi vacuum bubbling through a water layer i: shown
in Appendix B page B-23. Only three ieaks were visible.

Laboratory test specimens were removed from the tank and tested
as before. Results were added to Table 6. Environmental

'conditioning was subsejvently resumed the third week in August.
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3. n Dynamic Load Cycling of Tank No. 3 After 92 Environmental v
Conditioning Cycles (January 1974)

1.

REVLTR: D
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After completion of 92 environmental conditioning cycles the
tank was removed from the environmental conditioning chamber

and leak tested in water. Leakage is shown in Appendix B,

page B-24. There was considerably more leakage than when the
tank was tested after 74 environmental conditioning cycles.
There were approximately 33 seam leaks and 6 corners were leak-
ing. Nine of the 16 injections at the tank corners were leaking.
Based on previous experience no attempt was made to repair any
leaks.

The tank was opened and examined. Most cracks appeared to be
gapped open wider than before. Interior leakage is shown on
Appendix B, page B-25.

Tn aa effort to see if a properly repaired ar2a would again ex-
kibit cracks, the area shown as(:)in Appendix B, page B-25, was
ctii1pped and resealed using minimum size fillets. This area is
also shown in Figure 18.

Laboratory test specimens were removed from the tank and tested
< before. Results were added to Table 6.

“he tank was placed on the dynamic test device and load cycled
2t 211 three temperatures per Section 3.3.1.

Th2 four corners at the end of the tank which would be down
auring enviroaymental conditioning (R-1, R-2, R-3, and R-4) were
reak tested and were essentially the same as shown in Appendix B,
page B-24; iherufore, no repairs were made. The tank was re-
turned to the eavironmental chamber for additional environmental
conditioninrg.
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3.12 Dynamic Load Cycling of Tank No. ., After 117 Environmental
Conditioning Cycles (August 1974,

1.

After completion of 117 eavironmental conditioning cycles
the tank was remcved from the environmental conditioning
chamber and leak tested in water. Leakage 15 shown in
Afpendix B, regez B-26. There was considerably more leakage
than when the tank was tested after 92 enviraonmental con-
ditioning cycles. 7Two seams were leaking slightly along
their entire length. No attempt was made to repair any
Teaks.

The tank was opened and examined. Interior leakage 13
shown ¢n Appendix B, page B-27.

Laboratory test specimens were removed from the tank and
tested as before. Results were added to Table 6.

The tank was placed on the dynamic test device and load
cycled at all three temperatures per Section 3.3.1.

The four corners at the end of the tank which would be
down during environmental conditioning (R-1, R-2, R-3,
and R-4) were leak tested and leakage was noif judged
severe enough to repair; therefore, no repairs were made.
The tank was returned to the environmental chamber for
additional environmental cunditioning.
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3.3 Dynamic Load Cycling of Tank No. 3 After 129 Environmental
Conditioning Cycles (December 1974)

During the liquid portion of the tiird environmental con-
ditioning cycle (no. 120), 11.5 gallons of fuel leaked

into the environmental chamber. The tank was removed and
examined. Two lower corners (F-1 and F-2) were leaking
extensively. These corners were repaired with new sealant.
The tank w:s then returned to envirounmental conditioning.

After completion of 129 environmental conditioning cycles
the tank was removed from the environmenta! conditioning
chamber and load cycled on the dynamic test device at all
three temperatures per 3.3.1. The tank was then leak
tested in water. Leakage is shown in Appendix B, page B-28.
There was considerably more leakage than when the tank

was tested after 117 environmental conditioning cycles.

Six of the eight longitudinal seams were leaking over much
of their entire length. Fifteen of the 16 injections at
the tank corncrs were leaking. All eight corners were
leaking. The tank was opened and examined. Interior leak-
age is shown on Appendix 8, page B-29.

Laboratory test specimens were removed from tnhe tank and
tested as before. Results were added to Table 6.

Testing of this tank was considered completed at this point.

SOEING|NO. 13-8297

ISECT ]PAG& 57.11

119




1.

2,

4.

REVLTR:

EZ-3033 N1Y

REFERENCES

ML-TDR-64-207, High Temperature Elastomeric Integral

Fuel Tank Sealant Evaluations.
Boeing Drawing 35-22615, Tank Assembly-Sealant Test.
BAC 5504, Integral Fuel Tank Structure Sealing.

Bocing Drawing 65A14621, Tank Assembly Sealant Test. A
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On this strip

cuts are wmade at
This end clamped 1in

the upper jaw of the
test machine.

approximately 5/8"
increments through
the sealant to the

metal to check ?
adhesion to panel. ;
- This strip is tested to %
i determine the average g
! peer strength. Cuts :
through the sealant to ;
the metal are not made :
unless the sealant is 3
) pulling loose from the 7
. cloth. A1l cuts shall E
extend completely across 3
AL the strip being pulled. .
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FIGURE 7 - PEEL STRENGTH TESTING
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TABLE 4

LEAKAGE OF TANK NUMBERS 1 AND 2
AFTER FOUR CYCLES OF ENVIRONMENTAL CONDITIONING

Number Of Leaks

After 4 Cycles Of | After 4 Cycles Of
Tank Location Of Leakage® Environmental Environmental
No. Conditioning Cond{ tioning
Plus
510 Hot Load Cycles
Per Section 2.4.3
Joint Fastener | Joint Fastener
Leaks Leaks Leaks Leaks
1 Primary Test Areas
Upper Skin 0 8 0 n Q@
Lower Skin 0 2 0 7
Spar 0 1 0 4
Secondary Test Areas
Access Door 8 0 Many. Many
Ends Of Tank =13 2 11 29
2 Primary Test Areas
Upper Skin c 2 14 20 0
Lower Skin 0 3 0 5
Spar 0 1 ] =26
Secondary Test Areas
Access Door 6 12 Many Many
Ends Of Tank 10 3 A 28

Lfffﬁ-a leaks in one area,.

REVLTIR: A

() «5 leaks in one area.
*See Appundiy A for specific locations of leaks.
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TABLE §
SUMMARY OF LEAKAGE OF TANK NO. 1 IN PRIMARY TEST AREAS

v A

Numbers Of Leaks After Yarious Cumulative Exposures

(See Appendix A For Leak Locations)

Leakage Test No.*

Type Of Leak : > 3 . : p ;
Fastener Leaks N 22 26 12 80 89 63
Jotnt Lok ) 0 0 0 4 v |® 1O
wmegre ol 0 | o [ o |4 | 7 s ]
L Environmental Total Fuel 18;2},2’33"§,t82d
Laskege | Conditiontng | par oo Lo Tet T
1 4 524 Hours 0 0 0
2 4 524 Hours 510 0 0
3 (2 4 524 Hours 510 o 0
4 4 524 Hours 510 510 310
5 4 524 Hours 560 510 510
6 12 1564 Hours 560 510 510 B
7 12 1564 Hours P070 1020 1020 B

and

® ©

elong entire lengths of two addftional joint areas.

REVLTR: 3

4-3083 At

144

There are 24 joint areas, separated by faying surface seals,
fn the primary test area (8 sach on top skin, bottom skin, and spar).

Same exposures as Leaksage Test No. 2, except after repair of

cocse and/or cracked fillete,

Eight leake in four joint areas, plus continuous joint leakage
along entire lengtas of four additional jcint areas.

Efight leaks in five joint areas, plus continuous joint leakage
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TABLE 8
CORNER LEAKPGE HISTORY OF TANK NO. 3

Ei Corners lLeaking (:)
3 Date | Test Interval Completed

R-1 |R-2 |R-3 |R-4 |F-1 |F-2 |F-3 | P-4
3
; 3-71 | After 8 Env. Cond. Cycles X X X P X X
: 8-71 | After Repairs of Corners X ) 4
9-71 | After Load Cycling at X X X |
3 Temperatures H
1-72 | After 22 Env. Cond. Cycles X X X X X ;
i
1-72 |After Load Cycling at X X X X X X '

3 Temperatures

2-72 | After Repairs X X X X

After 39 Env. Cond. Cycles
8-72 | plus Loading at X X X X
3 Temperatures

9-72 | After Repairs of R-1 & R-2 X X

11-72 After 46 Env.Cond.Cycles X X X X X X X X

11-72 After Repairs of R-1,R-2,R-3,R-4 X X X X X
2-73 After 54 Env. Cond. Cycles X X X X X X X X :
2-73 After Repairs of R-1,R-2,R-3,R-4 X | x |x X
8-73 After 74 Env.Cond.Cycles X X X 1
2-74 After 92 Env.Cond.Cycles X X X X X X ] g
7-74 After 117 Env.Cond.Cycles X x |x o [x x| xojE

¢

9-74 After 120 Env.Cond.Cycles 2 X X X X

11-74 After 129 Env.Cond.Cycles X X X X X X X X %

C%KSee page B-15 for locations of corners, BOEING|NO, 03-8207 ¢

C°£ESE%R512 and F-2 were repaired. SECT lPAGE 83.10
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APPENDIX A
LEAKAGE TESTS - TANK NUMBERS 1 AMD 2
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@ SEALANT) SHows L0SS OF ADNESION To TITANIUM .
@ SMALL ¢RACK IN FILLET ovet FASTENER

@ LoSs oF ADHEsioN OF REPAIR FILLET To STRUCTURE
CRACK IN REFAIR FILLET

(]5) Smr TKACY GR Loss oF AODHESION /N JoINT FILLET ) GENERALLY

LEAKAGLE. TEST DATA R T4

FIVET oVEL FASTENER

INAPEQUATE FILLET APPLICAT ION

CAVSE oF LEAK UNKNOwN
Loss oF APHESON, puT No LEAK
SEALANT FILLET CRACKED

SEALANT FILLET SMews Loss

OF ADHES/on To T)TANIUM

SEMAT FILET SHwS Loss OF ADHES/ON To SEAMETAL W 5

EVDENCE CF SeEnLANT REVERS loy

FILLET CRAcKE D OR Loose NED BY ExPAMS/ON OF INJECTION
UNDERNEATH .

GENERAL OF ConTinvvous JOIKT LEAKAGE

Loss oF AbuiLioN OF REPAIR FILLET o OKIGINAL FILLET

44 Nl Lona, CRACK GENERALLY PENETRATES To SUBSTRATE wiITH

SOME ACCOMPANYING LOSS OF ADHESION . @ ~~
R

CRACK Loss oF
ADNESION
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MEASUREMENT OF WEB SHEAR MRIWKLES OF 1ANK NO. 3

e <t b g Sy Vet WA g e AP
i

éi Reference: Coordination Sheet No. $%1-Hing-661, Schuler to Beckmann,
; dated 4 November 1970, Subject: "Pad-Ups of Fuel Tank
1 Shear Webs.
EE‘
; ‘ Task A. Determine torque to obtain initial web buckling (estimated
) to be 52,000 inch-pounds).
’ 1. At 40,000 inch-pounds - no wrinkling.
~ 2. At 50,000 inch~pounds - very slight buckling.
* 3. At 60,000 inch-pounds - definite buckling.
i
Task B. Determine extent and depth of web shear wrinkles at the five
! areas specified in the above reference, Measure at 100,000
. and 216,000 inch-pounds torque in both directions.
1, Thfs data is recorded in the attached 5 data sheets.
| Collecting and recording the desired information was
; difficult and, as can be seen, is confusing. It is
1 suggested that Lyle Middleton (telephone 8-435-2337)
1N be contacted if necessary for clarification. _
| 2. In general, the results show that at 216,000 inch-pounds
| torque, significant web wrinkles do extend into the pad-up
3 areas and even into the chords and stiffeners.
%
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| LTR DESCRIPTION DATE | APPROVED
| A | To add additional data to the document--covers L mid etz
work conducted from the beginning of the program|4-8-7] - >
August 19€9 unt#l cancellation March 25, 1971, <@‘JA2
AN
B| To add additional data to the document--covers N%Ik ,0\'7' b
conducted from August 1571 to December 23, 1971.[1=3-74 _ .
)
| /gé% )
To add work conducteda from December 23, 1971 to 1-31-1% ' n
€] January 31, 1972, '
D To add work conducted from February 1, 1972 to .18-74 | =
) January 1974. -1- ,
(%
E To add work conducted from January 1974 thru b-16-7
: March 1975,
F To add data to Table 6 (inadvertently omitted frpm V
Revision E). 4-24-75
Vs o
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APPENDIX B

LONG-LIFE, EASILY APPLIED FLUOROCARBON SEALANTS
FOR SUPERSONIC AIRCRAFT FUEL TANKS

Final Report

by

R. Gilliland
P. Mallard
R. Schubert
L. Horris

Prepared under Contract No. Y555369-5835N
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The Boeing Company
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Seattle, Washington
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1. !NTRODUCTION

The historical development of aircraft fuel sealants begins with the
change from bladder-type fuel cells to integral wing tanks. The need for
an easily applied sealing compound to resist the fuel, flexing and the
‘temperatures encountered was met first by polymeric alkyd resins. These
proved to be-limited in both stability and application properties.
Materials based upon polysulfide polymers initially used dispersions in
water which could be made to fuse together by means of '‘chemical sufteners.,'
The high shrinkage of such materials and the development of liquid, 100%
solids,mercaptan-terminated polysulfide poiymers offered a new formulating
tool. The standard lead peroxideecured polysulfides, however, still
suffered from attack by fuel. With the invention of the dichromate-cured
polysulfides by Products Research & Chemical Corporation, and later the
manganese dioxide cured materials, a truly fuel-resistant material was
available for aircraft sealing. These materials are, in fact, the basis
for sealing nearly all subsonic commercial and military aircraft in the

worid today.

The United States Air Force in the mid-1950's recognized, however, that

the development of supersonic aircrafL would require new polymer develop-
ﬁents to produce materials beyond the temperature capabilities of the poly-
sulfide rubbers. Products Research, at that time, under WADD 58-59, showed
that fluorocarbon =lastomers as well as liquid fluorosilicones had signifi-
cantly improved high-temperature fuel resistance. However, the developnent
of the fluorocarbons has been hampered by their poor low-temperature
properties, their unavailability in high solids liquid forms, and finally
by concern over stress corrosion effects on titanium alloys at high

temperatures.
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As a result of these difficulties, the commercial development of high-
temperature aircraft sealants has taken place with the fluorosilicones.
These products are not without their problems, however. Even stabilized
trifluoropropyl polysiloxanes are subjact to reversion when confined, so
that long-time retention of properties, especially required for commercial

supersonic craft, is not available.

As a result of these limitations of the fluorosilicones, the Air Force has
funded programs in which the fluorocarbons are chemically copolymerized
with the fluorosilicones to give products of improved reversion resistance
while retaining adequate low-temperature propérties. The Boeing Company
has extensively tested such materials and finds them significantly better
than the unmodified fluorosilicones for their requirements. They still
show thermal deterioration, however. Likewise, the introduction of major
fluorocarbon segments into any polymer gives concern with stress corrosion
of titanium. This has led to use of the fuel-resistant cyanosiloxanes in

some specialty applications.

in the past fifteen years, work has continued with efforts to produce more
tractable sealants based on fluorocarbon backbones as well as polymers with
heterocyclic nitrogen, etc. Wright Pattrrson Air Force Base has formulated
a number of sealants based upon low molecular weight, vulcanizable fluoro-
carbons. Early materials showed varying degrees of stress corrosion with
titanium. With the introduction of the fluorocarbon, ECD-487, a DuPont
product, a material was availéble which was shown by the Boeing Company to
have improved low-temperature properties along with retention of high-
temperature properties and absence of stress corrosion. When this polymer

was made into a sealant along the lines of the Air Force work, high shrinkage

and bubbling was encountered.
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The purpose of this project was to find means of producing practical sealants

RS

from available low-temperature fluorocarbons whi:h would be expected to

perform well in the supersonic transport designec by the Boeing Company.

Il. SUMMARY OF WORK

All goals for the fluorocarbon sealant and tape were met with the excep-

woxss

tion of slightly lower volume percent solids in the case of the sealant.

YT

- The sealant developed under this program is greatly superior in application

properties to all known solvent-based fluorocarbon materials, has a volume

e i g o

shrinkage less than one-half that of the solvent-applied types, is safe to

use from a flammability standpoint and is much easier to apply and tool.

The discovery of a water miscible, ''reverse phase,' technology operable with

fluorocarbon dispersions offers wide opportunities for room temperature

P oV o

fusions of otherwise difficult nonfusible, cracking latices.

The tape developed under the program, based upon ECD-487, has a much wider

range of temperature usefulness than the standard Viton B materials.

g S

Two different approaches for producing a practiczl fluorocarbon sealant

were followed. Phase | had as a goal the formulaticn of an 80 volume percent

solids material based on ECD-487 which had easy application properties and a

"(i.“\k N t‘”\m‘ "

- ey Syt
AL NI A Y AT

useful life at 550°F--twice that of current materials. The second approach

employed ECD-487 in a soft, self-vulcanizing tape form at high solids.

work undertaken to improve sealant spplication properties and increase

voiume percent soiids by means of pigment reduction and introduction of low

molecular weight modifiers was of minor value, Solvent dispersion studies,

especially through use of Viton latex sealants, give materials which closely:

N Lo ! I
e e et B o ——————— Y

approach the target goal of 80% solids by volume and greatly improved appli-

Lo cation properties. A volume percent solids of 707, with weight percent

1
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solids of 83%, was obtained. Low-temperature properties are intermediate
between Viton B.and ECDO-487. Further research to improve stability of the

sealants and adhesion to titanium is desirable.

Pre-extruded sealants were developed with not more than 10% by volume of
volatiles. These sealants have excellent low-temperature properties, being
prepared from ECD-487, and are stable when stored at moderately low tempera-
tures. Methods have been developed for adhering these sealants to titanium,

Adhesion to titanium was retained after considerable dry heat exposure.

A number of materials were investigated to improve the life of fluorocarbon
sealants. One material, Vanstay 8050, was found to be effective in improving

the life of solvent-dispersed and pre-extruded sealant,

111. CONCLUSIONS AND RECOMMENDATIONS

A quantum improvement in application properties of fluorocarbon-based
sealants has been achieved by the discovery of means for producing room
temperature fusible fluorocarbon latices. Combined with the availability of
better low-temperature polymers, serious consideration should be given to
such materials in supersonic aircraft sealing applications. Retention of

good elastomeric properties at 500°F or lower for long periods was observed.

The pre-extruded tape formulations based upcn ECD-487 show generally good
temperature range of performance and have merit for configurations where high
shrinkage or reversion in confined situations is .of concern--such as faying

surfaces .

Further work in the development of low temperature fusing fluorocarbon latices
would be merited in the areas of evaluation of other fluorocarbon latex
polymers, improved primer deveiopments for both sealants and tapes, and explora-
tion of the effects of pH, stabilizers and curing mechanisms on the long-term,

high temperature retention of physical properties.
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111, PHASE | -~ IMPROVEMENT OF APPLICATION PROPERTIES

The major limiting factor in the current study of fluorocarbon sealants
is their difficult application which results in slow extrusion rates, high
shrinkage and entrapped bubbles. The current Viton ECD-487 sealant has only
63.5% solids by weight, or 43.3% solids by volume. The goal of this phase
is to prepare a one- or two-component thermosetting sealant which has the
basic heat-, fuel- and low~temperature-resistance of the current Viton
ECD-487 formulation, but has a volume percent solids of at least 80% and a

room temperature viscosity of ro more than 35,000 poise.

‘A. Reduction of Viscosity of Current Typé Materials

l. PigmentrReduction
Viton ECD-487, the primary polymer of interest, is inherentiy
quite strong compared with other commonly used fuel tank elastomers. The
use of pigmentation by carbon black could be dispensed with if its elimina-
tion would increase solids content. The effect of elimination and increasing

carbon black content is shown below.

R AL e Lt L
‘ Ty "
S i8S doag R

! 2211-22 2211-23 2211-36
i
{ Viton ECD-487 100.0 100.0 100.0
H Maglite Y 15.0 15.0 15.0
f Thermax 00000 ceeea 15.0 60.0
FS=-1265 8.0 8.0 8.0
EDA DIBK Ketimine 5.5 5.5 5.5
e MEK 78.0 81.5 94.5
;v Extrusion rate @ 90 psi 38 gms/min. 26 gms/min. 38 gms/mn.
§ (1/8'" diameter nozzle)
5 % Solids Content
; t By weight 62.3% 63.9% 66.6%
) 8y volume h2.0% L3 6% L6 .8%
£y %
A Tensile Strength, psi/
| Elongation, %
é Cured 24 hrs. @ 350°F 240/1500 270/1200 250/380
} Aged 7 days @ 500°F 1420/1000 1400/950 950/600
. Aged 35 days @ 500°F 900/150 1300/120 1360/20

t
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As a nonreinforcing grade of carbon black, Thermax, a medium thermal type,
was used, its variation produced little effect un viscosity. Increasing
carbon black loading gave a marginal increase in volume percent solids

cver the basic fcrmula, 2211-23, but lowered elongation and heat resistance.
The elimination of carbon black decreased volume percent solids. Note,
however, the great improvement in elongation retention with reduction of

carbon black.

2. Solvent-Dispersion Studies

Frequently, with high poiymer suiutions, it is possible to
prepare colloidal dispersions which exhibit lower viscosities than true
solutions of the polymer. This is based on the principle that molecular
aggregates can present less interaction than molecularly dispersec molecules
because of their lower surfzce area. A good example of this principle is
found in the preparation of rubber cemeats where hydrocarbon solutions of
‘rubber exhibit high tack and "web-like' character. Introduction of smell
amounts of the nonsolvent ethyl alcohol produce coiling of the rubber chains
and a reduction in the viscosity and webbing occurs. This pher »mena was first
investigated by choosing solvents or solvent blends which give appropriate
solubility parameter (<f) and hydrogen bonding index (Y) for zolution of Viton
ECD-487. Solutions were prepared of 15 grams ECD-287 per 200 cc of solvent
and viscosity determined with the Brookfield Viscometer,'spindle #3 at 10 rpm.

Results are shown below:

Solvents - Y Viscosity(poise)
MEK 9.30 5.40 3.6
Ethyl acetate 9.10 5.20 3.4
Tetyvahydrofuran 9.10 5.50 3.9
90% MEK, 10% toluene 9.25 5.18 4.1
80% MEK, 20% toluene 9,22 4.97 4.0
70% MEK, 30% toluene 9.15 4.83 5.5
90% Mex, 10% methanol 9.80 5.70 6.3
6.33 4.2

70% VEK, 30% methanol 10.85
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Solvents g pg Viscesity(poise)
50% MEK, 50% methanol 11.90 6.95 5.

80% ethyl acetate, 20% methanol 16.18 6.10 3.8

80% tetrahydrofuran, 20% methanol 10.18 6.10 L.o

LO% MEK, 30% methanol, 30% toluene 10.74 5.70° 4.5

60% MEK, 20% methanol, 20% toluene 10.28 5.60 4.0

20% MEK, 40% methanol, 40% toluene 11.20 5.48 8.6

Lowest viscosi
with the solve
solubility par
with as little

sacrifice in v

3. In

ko

ty was obtained with the pure solvents. Blending a nonsolvent

nt generally increased viszosity. By choice of the appropriate
ameter and hydrogen-bonding coefficients, solutions were obtained
as 20% solvent, with 80% nonsolvent, but at a considerible

iscosity. Llater work with water and amides gave better results.

troduction of Low Molecular Weight Modifiers

sampled Yright
samples for th
LM and LD-0I1.
bility exhibit
was felt that

materially aff
samples of LB~
lowe1 Mooney,

and Viton A,

gECo-487

Viton M

LO-487Lv

Lo-011

vVTX-3518

Maglite D
Calcium hydroxide
Maglite Y

The preferred material! for modifying ECD-487 to reduce viscosity

would be a low molecular weight version of ECD-487. The DuPunt Company had

-Patterson AFB with such a material, but was unable to provide

is project. Other low viscosity Vitons available are grades

These materials do not have the desirable low-temperature fiexi=
ed by ELD-U87 or its low molecular weight version. However, it
small quantiti;s could be incorporated into the sealant without
ecting low-temperature properties. |n addition, DuPont supplied
LB7-LV, a lower Mooney version of ECD-487, and VTX-3518, also
but intermediate in low-temperature properties between ECD-487

The following results were obtained:

2211-17 2211-4 2211-51 2211-56

50 - -- --
50 -- -- -

- 100 -- --
-- -- 100 --
-- -- - 100

3 - - -

6 -— - -
-- 15 15 15
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2211-17 2211-LY 2211-51 2211-56
Thermax 20 15 20 15

: FS-1265 ' -- 8 8 8

i Hydroquinone 1 .- - -

i N,N-Dimethyl dodecylamine 2 - - -

5 MEK 37 70 - 62.5 .
EDA-DIBK ketimine - 5.5 - 5.5
Shell H-3 - - 5 =
Methyl Isobutyl Ketone - - ]3,6 - .
Solids Content, by weight 77.5% 67.0% 91.5% 69.7% .
Extrusion Rate @ 90 psi -~

" (1/8: diameter nozzle) 6.2 gms/min. 22.4 gms/min. 10.0 gms/min. 17.2 gms/min. !

Tensile Strength, psi/ :
Elongztion, % {

Cured 24 hrs. @ 350°F  250/1450 280/850 -- 800/1000 |
Aged-7 days @ 500°F -- 1000/530 brittle 960/600
The LD-487LV and VT-X-3518 gave only marginal improvement in solids content.
1 With LD-011 Sealant Grade Fluoroelastomer, a 91.5% solids sealant was obtained, *
.*E but the sealant bubbled badly and became brittle after seven days' oven-aging

at 500°F. The ECD-487/LM blend was intermediate between the LD-011 and ECD-U487

in solids content. A very low state of cure was obtained with the hydroquinone/

amine curing system used,

L, vViton Latex Sealants

TP L [T TR IO IrY,
’ Pl ?
i "

Viton B is also available in a latex form designated Viton L-31

Aqueous Fluoroelastomer Dispersion. This material is supplied at 65% solids

at a viscosity of 150 centipoise. This is an extremely low viscosity compared
with solvent dispersions of the same solids content of about three million
centipoise. Much higher solids content and lower shrinkage are passible if

the material can be thickened to a sealant viscosity. While Viton B does not

'i have the desirable low-temperature properties of ECD-487, this work was under-
taken to devise means of preparing a latex sealant. The technology developed

could be readily transferred to an ECD-487 type latex when such becomes available,
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In preliminary experiments, merely thickening the latex to a paste consis-
tency resulted in a material which cracked on drying. Blends of the L-31
latex with a polycyanosiloxane fluid improved handling properties. The addi-
tion of acid acceptors such as magnesium oxide, zinc oxide, litharge and
Dyphos destabilized the latex. A 50-50 blend of L-31 latex and Viton LM
dissolved at 80% in methyl isobutyl ketone was prepared and cured with
Maglite Y and hexamethylene diamine. The cured oroduct was nct well knit

and showed cracks on bending. Dimethy! formamide was then used as the
solvent for Viton LM and this material was easily handled and applied as a
sealant and dried at room temperature to a good elastomer. Again, the use
of c;nventicnal acid acceptors destabilized ibgi§ysteﬁ. A surface-treated
calcium carbonate, OMYA-BLH, which i; neutral in pH, was foﬁnd to be a satis-
factory acid acceptor in the Viton L-31 latex system. The incorporatién df}
Viton LM was eliminated be;ause of its relatively poor héat and corrosion
resistance. Modifiers such as fluorosilicone oil or polycyanasiloxane fluid
were raguired to obviate cracking of the film. The following fbréulations

vere prepared:

2211-41 2211-42
Viton L-31 Latex 154 .0 1sh.Q
Dimethyl acetamide 15.0 15.0
Polycyanosiloxane fluid = «eee 8.0
FS=-1265 fluorosilicone oi) 8.0  eeee-
OMYA-BLH : 20.0 20.0
Distilled water } dispersion 19.6 19.:6
Witco 900 J 0.4 0.4 -

Degassed tc paste consistency (vacuum removal of water to solids-indicated)

Curing agent - 20% aqueous solution hexamethylene diamine ~ 3.5 parts

Weight % solids 82.4 83.0%
Volume % solids 70.0% ~ 70.5%
Aging at 500°F: 42 days flexible flexible
56 days flexible flexible
84 days weak and short brittle
223
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Films were cured three days at 75°F, one day at 140°F, one day at 200°F and

one day at 350°F prior to S00°F exposure. Best heat resistance was obtained

with the fluorosilicone modifier.

A
An attempt was made to produce a formulation containing ECD-U487 as an external
phase with internal latex. This resulted in coagulation and a stable sealant
could not be produced. Enulsions of ECD-487 in water and me-hyl isobutyl
ketone were prepared at 16%, 21% and 30% solids. Attempts to prepare a late~
sealant from these emulsions resulted in coagulation. Attempts to produce a
latex from the emulsion by selective absorption of the methyl isobutyl ketone
were unsuccessful .
The formulations below show the effect of decreasing calcium carbonate content
and of substituting alumina for calcium carbonate. Increasing calcium carbo-
nate from 20 to 30 parts caused cracking of the cured film.
2211-53 2211-69 2211-72
Viton L~31 Latex - 154.0 154.0 154.0
Dimethyl acetamide , 15.0 15.0 15.0
FS-1265 . 8.0 8.0 8.0
OMYA-BLH 20.0 10.0 -——-
Tabular alumina, 325 mesh ———— ———— 20.0
Distilled water . . 4.8 2.4 9.0
Tamol 731 Ispersions 4.8 0.4 0.8
Witco 900 0.2 0.1 0.2
Degassed to paste consistency (vacuum removal of water to solids indicated)
Curing agent - 20% aqueous solution hexamethyiene diamine - 3.0 parts t,
Weight % solids 83.8% 83.2% 82 .6%
Storage Stability: @>75:F 30 days - -
@ 32°F i0 months - - X
Aging of cured films: !
Tensile Strencrth, psi/Elongation, %
1 days @ 500°F 590/310 560/360 450/470
21 days @ 500°F 410/310 650/300 -—-
35 days @ 500°F 330/200 290/240 310/410
49 diys @ 500°F 390/160 245/220 210/320
70 days @ 500°F flexible flexible flexible
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Reduction of calcium carbonate or use of alumina improved elongation after
heat exposure, but caused corrosion of titanium to vccur more rapidly With

alumina filler, a rather thermoplastic material was obtained, and it is

apparent that alumina is not a satisfactory acid acceptor in Viton latex.

O

Samples of experimental low-temperature latexes VT-X-3627 and VT-X-3627B were

obtained from DuPont. These polymers were said to be intermediate in low-

R

temperature ilexibility between ECD-4B7 and Viton B. The VT-X-36278B was a

minor modification designed for potentially improved stability. Thzue latexes

were compounded into sealants in a formulation similar to 2211-53 /shown zbove)
excépt that M-Pyrol (N-methy!, 2 pyrolidone) was used in place of dimethyl
acetamide since subsequent work on L-31 latex indicated that the former

imparted improved application and stability properties,

s el o b o ot i iy poamns A

Use of the centrifuge was investigated to concentrate the lat.r. Excessive

localized hardening occurred unless the centrifuge was run at auch slower

e

avr

speeds for longer periods., Concentration of the latex by decanting excess

water after the latex was allowed to settle for several weeks was a more

feasible method. Additional wetting agent was added in this case to compen-

sate for that lost in the decanting process.

Preliminary VT-X-3627 and VT-X-3627B formulations were less stable than the

Viton L-3] formulations. The former coagulated in a few days at room tempera-
ture. Storage at 0°F also resulted in coagulation. A temperature of approxi-
fo be the o

’
LR 1 L4

m-\bo!‘l I)°C " *
MO L prA -~

- L

Alkaline materials generally used as acid acceptors in Viton caused coagula~

tion of the VT-*-3627 and VT-X-36278 as well as the Viton L-31 latex.

A preliminary formula was prepared without concentrating the latex. Aging

tests were conducted at 500°F, comparing two levels of curing agent.
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2211-75
VT-X-3627 Latex 164.0
M-Pyrol 15.0
FS-1265 8.0
OMYA-BLH 20.0
Distilled Water 4.8 A
dispersion < Tamol 731 0.8
Witco 900 0.2 .
Degassed to paste consistency (vacuum removal of water
to solids indicated) P
Curing Agent - 20% aqueous solution
hexamethylene diamine ’
Weight % solids 82.2%
Aging of Cured Films Curing Agent
three parts four parts

Tens ile Strength, psi/
Elongation, %

Initial - cured 1 day @ 150°F plus

| day @ 250°F 65/150 110/270
Initial - cured additional 1 day
@ 350°F 90/500 150/400
Aged 7 days @ 5oq:r 280/520 330/370
" 30 days @ 500°F 260/3140 320/260
" 60 days @ 500°F 220/269 260/120
Initial tensile strength and elongation were quite low until curec "50°F,

The lower tensiie strength in the sample cured with three parts curing agent

was due to grexter porosity. The lower amine concentration did improve aging,

as noted by the superior elongation after 60 days' exposure at 500°F.

In ocrder to determine the practicality of sealing aircraft with Viton latex
sealants, corner sections were constructed of titanium, primed and fillets of
Viton late:x extruded into the seams. Initial efforts, utilizing sealants such
as 2211-75 above, resulted in the formation of large cracks at the corner as
the latex dried. The formula was modified by increasing the content of FS$-1265
fluorosilicone oil from eight to twelve parts. With this modification, no

cracking occurred. (See Plate No. 1)
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In an sffort to improve stability of the VT-X-3627 and VT-X-36278 sealants,
calcium carbonate was omitted from the latex. A ball milled dispersion of
calcium carbonate together with hexamethylene diamine was used as the curing
agent. Formulations znd test results are shown below:

2211-130 2211-131 2211-132 2211-133

Part B Part B Part B Part 8
VT-X-3627 Latex 164.0  -=--- 64,0 -----
VT-X-36278 Latex = ~===-= 165.0  ~e--- 164.,0
M=-Pyrol 15.0 15.9 15.0 15.0
Witco 975 1.5 1.5 = mmeem e
FS-1265 12.0 12.0 12.0 . 12.0

Part A Part A
OMYA-BLH 20.0 20.0 20.0 20.0
Witco 900 0.2 0.2 0.2 0.2
Tamol 731 0.4 0.4 0.8 0.8
M-Pyro1 2.0 2.0 - —-—-
Distilled water L.8 L.8 L.8 4.8
Hexamethylene diamine 0.8 0.8 - -—-

Part A Part A

20% aqueous solution
hexamethylene diamine L.0 h.o

Degassed Part B to paste ccnsistency (vacuum removal of water to solids indicated)

Weight % solids, Part B 79.3% 77 .7% 82.4% 80.5%
Storage Stability @ 32°F 94 days 94 days 72 days 108 days
Aging of Cured Films

Tensile Strength, psi/
Elongation, %

18 days @ 500°F 560/280 430/200 560/330 350/300
25 days @ 500°F 480/230 370/140 350/270 300/230
38 days @ 500°F 4506/170 2907100 365/180 2207160
52 days @ 500°F 380/70 250/40 280/120 200/100

In both cases, VT~X~362) was higher in solids content and aged better than

VT-X-36278 at 500°F.
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Incorporation of the calcium carbonate into the latex, as in 2211-132 and
2211-133, gave higher solids content and better aging--probably due to better
dispersion of the pigment. Storage stability was not noticeably improved by
omission of the pigment; however, sealants prepared at lower solids content
and lower viscosity without pigment have been found to be more stable than
those noted above. The suitability of such low sofids sealants for use is
questionable because of excessive shrinkage and flow. All VT-X-3627 and
VT-X~36278 sealants have shown progressive increase in viscosity ever on
storage at 32°F, so storage times shown above can only be considered approxi-
mations. The desirability of a Viton latex with improved stability as well

as good low-temperature properties is evident.

Improved ease of manufacture of the latex sealants was found by decanting the
settled latex and adding a degassing agent, Foammaster S. A vinyl stabilizer,
Vanstay 8050, was added to one of the formulations shown below in an attempt

to improve high-temperature resistance by decreasing the tendency to dehydro-

fluorination. Aging tests were conducted at 550°F to accelerate the test.

2211-174 2211-177 2211-179
VT-X-36278 127.0
VT-X-3627 124.0 124.0
M~Pyrol 15.0 15.0 15.0
FS$~1265 12.0 12.0 12 0
Witco 975 1.5 1.5 1.5
Foammaster S I drop | drop 1 drop
OMYA-BLH -\ 20.0 20.0 20.0
Distilled water dispersion L.8 4.8 4.8
Tamol 731 P 0.8 0.8 0.8
witco J00 J C.2 0.2 0.2
Vanstay 8050 --- ——- 2.0

Degassed to paste consistency (vacuum removal of water to solids indicated)
Curing agent - 3 parts 20% aqueous solution hexamethylene diamine

Weight % solids 83.7% 82.5% 82.8%
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2211-174 2211-177 2211-178

Tensile Strength, psi/
Elongation, %

initial - cured 1 day @ 158°F
plus 4 hrs. @ 250°F, plus

20 hrs. @ 350°F 70/L19 120/6900 60/440
7 days @ 550°F 260/300 240/306 290/240
14 days @ 550°F 170/120 150/120 260/100
Weight Loss: 7 days @ 550:F -28.3% -27.4% -29.3%

14 days @ 550°F ~39.2% -37.8% -4} 3%

No improvement in aging was found with Vanstay 8050, Stability in storage at
32°F was not as good as with formulations mixed earlier in the prcject. This
was probably due to changes occurring in the latex on standing over a period

of several months.

Corners were sealed with these sealants initially as well as one hour after
mixing with the curing agent. No cracking occurred in any case. Application

life is considered to be at least one hour,

Adhesion studies were conducted on titanium, MIL-T~9046, Type 3, Composition €~
6 Al/lv. Preliminary tests included titanate, several silane-type primers and
MIL-C-23377 epoxy-polyamide primer. These were tested with and without a
seccndary coating of brush-type solvent-based Viton it.ing 2211-43 cured with
hexamethylene diamine. Best results were obtained with a silane-type

PRC Primer #6, or with MIL-C-23377 epoxy-poiyamide primer with a secondary
coating, 2211-43, prior to appliication of the latex sealant. Curing at 350°F
W&as gencra quired to obtain adhesion. Exposure to 500°F oven-aging
resulted in loss of adhesion. Tests were conducted at 490° and 450°F to
determine how iong adhesion was retained at these temperatures. Due to the

limited quantity of latex sealant available, peel adhesion tests were not

conducted. The sealant was cut to the metal and manually pulled to determine
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whether adhesive or cohesive failure resulted.

to be satisfactory adhesion.

PRC Primer #6 + 2211-43
9 days @ LOO°F
12 days @ 400°F
14 days @ LOO°F

2 days @ 450°F
5 days @ 450°F

MIL-C-23377 + 2211-43
2 days @ WSO°F
5 days @ 450°F

Cohesive failure was considered

The following results were obtained:

2211-177

cohes ive
cohesive
cohes ive

cohes ive

adhesive

cohes ive
adhes ive

The formula for 2211-43 is shown below:

ECD-487

Maglite Y

FS-1265

Methyl isobutyl ketone
MEK

2211-43

100
15
8
80
300
503

2211-178

cohesive
adhes ive

- -

cohes ive
adhes ive

cohes ive
adhes ive

Curing agent - 20% hexamethylene diamine in MEK - 8.0 parts

Two additional primers, Chemlok 607 and a polyimide polymer (Araldite P-13N,
diluted one to one with dimethyl formamide) were tested with 2211-177. The
secondary primer, developed urder the work on tape sealants, was 2211-186.

2211-186

ECD-487 100
Maglite Y 15
Thermax 15
Durez 12686 3
FS-1265 8
Diak No. 1 2
MEK 288

137

The following resuits were obtained:

Cured 24 hrs, @ 158°F +

Chemiok 607

4 hrs. ® 250°F + 20 hrs. @ 350°F cohes ive

1 day @ U50°F
2 days @ L50°F
5 days @ 4S0°F
4 days @ 4S0°F

cohesive

partly cohesive
partly cohesive

partly cohesive

Araldite P-13N

partly cohesive

cohes ive
cohes ive
adhes ive

adhes ive
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IV. PHASE 11A - IMPROVING THE LIFE OF FLUOROCARBON SEALANTS

A. Elimination of Metallic Impurities

it has been shown that metallic catalysts such as iron and zinc
greatly destabilize vinyl resins, producing catastrophic dehalogenation at
elevated temperature. Use of procedures which introduce a minimum of iron
and incorporation of organic soluble metal chelating agents to remove such

impurities is indicated.

B. Antioxidants
The unsaturation resulting from loss of halogen as well as any hydrogen
originally present is subject to reaction with oxygen of the air. Phenolic

antioxidants and organic and metallic phosphites have been used to reduce

this attack.

€. Metallic Soaps

Combinations of cslcium, cadmium and barium soaps have been found

useful in adding to the stability of vinyl chloride polymers.

D. Acid Scavengers

Organic materials which remove the acids of decomposition can greatly
extend the life of halogenated polymers since these acids are autocatalytic
in their effect on decomposition rates. Materials such as olefins and

epoxies are known to provide stability until chemically exhausted.

E. Free Radical Scavengers

Very effective, free radical scavengers are a series of sulfur-bearing
compounds along with substituted phenolics. These materials prevent the

peroxide formation and decomposition occurring at unsaturated sites.
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F. Investigation of Cure Mechanisms on Stability

Mechanisms for curing 'Witon'" involve removal of halogen acid by
various procedures. This halogen acid, frequently present as a dissociable
salt at high temperatures (or the fluoride ion), can produce problems. The )

effect of different cures and degrees of cure on stability were investigated. .

Since it is beyond the scope of this project to evaluate all of the available

materials of these types, representative materials from each category were

% chosen:
%
i .
H Formula Material . Type
| 2211-145 Nopchelate 0S Chelating Agent L
i e
‘ 2211-140 Santovar A Antioxidant

3 i Mark X "

g |- Dyphos "

42 I

L 2211-143 Vanstay 4030 (barium-cadmium) Metallic Soap

L 2211-144 Vanstay 8050 (calcium-zinc) " "

Bl | _

§ 2211-141 Epon 1001 Acid Scavenger

F ’ 2211-139 Tris~beta chloroethyl phosphine - " "

3 2211-137 "Catalin CA0-6 Free Radical Scavenger

- 2211-138 Stabilite White " " "

Fil¢ 2211-136 None

Al

The basic formula, 2211-23, was used for comparison. The ketimine, which is
very slow-curing, was replaced by 1.6 parts 85% solution of hexamethylene
diamine. The sealants were thinned to & flowable viscosity with MEK, curing
agent added, and flowed onto glass plates at a dry thickness of 15 mils. After

curing, weight loss and tensile properties were determined after exposure at

550°F .
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Formula

2211-136

2211-137

2211-138

2211-139

2211-140

2211-14]

2211-142

2211-143

2211-144

2211-145

2211-146

Additive

None

Catalin CAO-6
2 phr

Ctabilite White
2 phr

Tris-beta-chloroethyl
phosphine, 2 phr

Santovar A
2 ph-

Epon 1001
2 phr

Dyphos, 8 phr

Vanstay 4030, 2 phr
Vanstay 8050, 2 phr
Nopchelate 0S

| phr

Mark X, 2 phr

e e e

Days @
550°F

- - ot
oN SO O~NFIFOoO ON SO

o—t - —-—
oN SO oO~N PO OSSN £ O

—b —
ON &S0 ON S o ON & ~N PO

Weight
Loss

“22.7%-

-32.3%
~52.0%

-26.4Y
=39.3%
-52.0%

=23.1%
=34 .4y,
-46.7%

-20.4%
-32.2%
-46.3%

~24 1%
~37.1%
-50.6%

-31.4,
-50.3%
-63.1%

-46.8%

-26.0%
-40 .k,
-54.19%

-20.0%
-27.3%
-36.4%

~25.3%
~41.7%
-56.3%

-21.3%
~36.7%
-h8.8%

e e i

Tensile Strength, psi/
Elongation, %

570/1050

610/380

860/230
1240,/85

500/1200

670/500

900/200
1100/30

600/1200

640/450

770/120
1130/20

270/950

6L0/450

770/120
1130/20

560/1070

700/300

770/120
1510/30

530/820

990/135
1420/20
brittle

1120/700
420/120
brittle

800/870

830/175
1140/50
brittle

550/820
670/375
860/240
1240/130

520/840

600/460

760/155
1260/15

s4o/870

590/355

780/120
1510/20
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In most cases, the additives used were ineffective or were deleterious to
aging of the Viton sealant. One material, Vanstay 8050, an organic mixture
of calcium and zinc compounds supplied by R. T. Vanderbilt Co., showed
improved aging. Weight loss after ten days at 550°F was considerably lower
than for any of the other materials tested and elongation was greater. Addi-
tional aging tests indicated that 2 phr (parts per 100 of rubber) and 1.6
phr hexamethylene diamine were optimum quantities. The low film thickness
of 15 mils ir. this test was conducive to rapid aging. A thi;ker fillet of

sealant would be expected to retain flexibility for a longer period at 550°F.

G. Pre-extruded Sealant

Some of the properties of Viton fluorocarbon lend themselves
nicely to the use of pre-extruded forms. This is not true of the liquid
?olymers which are too weak and uncured to be self-supporting. Such pre-
extruded forms are widely used in construction in cases where the movement
and design do not cause working out of these necessarily thermoplastic
materiails. This limitation is not present with Viton, however, since it
actually cures to a thermoset condition. Further, the slow curing time of
the Viton ECD-487 is a distinct advantage since it may be suppiied already
catalyzed, in a cold condition, and will slowly vulcanize in place. The
high strength and viscosity of the polymer now become an advantage and it
is not necessary to provide a fluid, easy-working sealant. While applica-
tion and tooling methods are different, the criteria that make a suitable
extrusion are well-defined. Solids contents of 80% or more become relatively

simple,

1. Formulaticn and Tape Criteria

information gathered in Part A of Phase | can be directly
transferred here, but higher solids materiais are inherent in this approach

since the viscosity limitations disappear and other criteria become significant.
234
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a. Cone Penetrometer

o R T o it A
~
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‘In place of viscosity, the cone penetrometer requirements
are used as a control. These values range in the case 'of construction

£ sealants from 70 mm to 140 mm, the lower values (higher viscosity) being

P

» used for the sealants requiring some resistance to deformation. Since

PR

Viton cures, this upper limit is more for application ease than for

. providing deformation resistance (ASTM D-5, 100 gms - S seconds).

b,

b. Extrusion of Samples

Each material and shape requires a design allowance in the

die to produce the proper cross-section. A laboratory extruder with the

simple slot and circular cross-section dies was used, with notice being
taken of the relation of formula characteristics to extruded shape and
size. n Brabender [aboratory extruder, Model 101, equipped with variable
speed roll feeder and oil-heated barrel with Thermotron #1001 Controller,

was used. The extrusion process is shown in Plate 2.

2. Goal

An easy-to-use, self-sticking (to suitable primer or brush-tyge

Viton) extrusion with all the fuel and heat resistance of the liquid sealant

containing not more than 10 volume percent of volatiles.

Preliminary tape formulations were prepared as shown below:

e 2211-181 2211-182 2211-183 i
ECD-L87 100.¢ 100.0 100.0 i
Maglite Y 15.0 - - :
) Calcium oxide -- 15.0 15.0
' Thermax 15.0 15.0 15.0 !
FS~1265 8.0 8.0 8.0 z
Vanstay 8050 2.0 2.0 2.0 i
HMDA 1.6 -- 1.6 !
Diak No. 3 -- k.0 - ;
MEK 8.0 8.0 8.0 |
235 }




2211-18i 2211-182 2211-183
Extrusion properties poor good poor
NVM of extruded tape, % 96.2 96.5 -
Panetrometer, 1/10 mm 27.0 31.0 -

Formulations cured with HMDA (hexamethylene diamine) extruded poorly, appa-
rently because of incipient cure. Use of a blocked amine such as Diak No. 3
is necessary for good extrusion. Diak No. 3 is N,N'~dicinnamylidine - 1,6
hexane - diamine. Diak No. 1| (hexamethylene dizmine carbamate) was next
investigated.

2211-184  2211-185 2211-186  2211-188

ECD-487 100.0 100.0 100.0 10C.0
Maglite Y -- 15.0 1£.0 15.0
Calcium oxide 15.0 - -- -

Thermax 15.0 15.0 15.0 15.0
FS-1265 8.0 8.0 8.0 8.0
Vanstay 8050 2.0 2.0 -- 2.0
Durez 12686 - -- 3.0 --

Diak No. 1 2.5 2.5 2.0 2.0
MEK 8.0 8.0 8.0 8.0
Extrusion properties good good poor poor
NVM of extruded tape, % - 96.0 95.7 9.7 96.5
Penetrometer, 1/10 mm 31.0 31.0 28.0 29.0

Formulations prepared with 2.5 parts Diak No. | extruded well, but with 2.0 A
parts, extrusion was poor. The plasticizing effect of the higher amine content
is beneficial to extrusion. Either calcium oxide or Maglite Y can be used as
acid acceptor with 2.5 parts Diak No. | to obtain satisfactory extrusion.

Durez 12686 was added to 2211-186 in an effort to improve tackiress of the

tape for adhesion to metal. A portion of 2211-186 was thinned to brush

consistency for use as a secondary primer for adhesion to titanium.

The best results on oven-aging at 550°F were obtained with 2211-18]1 and

2211-186. However, both of these formulations extruded poorly. Results are

shoqp in the following table, 236




Cured:

24 hrs. @ 158°F
+4 hrs. @ 250°F

+20 hrs., @ 350°F

Aged:
7 days @ 550°F

14 days @ 550°F

Aged:
7 days @ 550°F

14 days @ 55G°F

Experiments were conducted in adhering the tspe to titanium.

Aging of Tape Formulations
(Tensile Strength(psi)/Elongation(%))

PR

S

2211-181  2211-182 2211-184 2211-185 2211-186 2211-188
220/1100  §05/600 350/500 320/980 130/700  250/900
300/910  325/1100 570/540 720/620  250/700  470/650
560/880  630/860  690/500 730/500 360/730  610/590
7007300  430/230  600/110  650/210  640/320 550/260

1220/75 brittle 710/20° 810/60 990/80 900/60

y__e_ight Loss
-25.0% ~22.2% -30.4% -26.1% -27.3% -36.5%
-43.1% -53.1% -49.9% -L44 2% -4h 2% ~52.2%

A double primer

system was used, the second coat consisting of a brush-type Viton sealant. The

tape was washed with MEK and rolled down into the primer when the latter was

barely dry as shown in Plate 3. As the tape is inherently not very tacky, it

must be applied while a little solvent still remains in tape and primer. The

panels were dried four days at room temperature prior to exposure in the 158°F

oven, The following results were obtained:

Tape 2211-181 2211-181 2211-182 2211-182
First Primer PRC Primer #6  MIL-C-23377 PRC Primer #6&  MIL-C-23377
Second Primer 2211-43 2211-43 2211-43 2211-43

24 hrs. @ 158°F

+ 4 hrs. @ 250°F  adhesive cohes ive adhes ive cohesive

4+ 20 hrs. @ 350°F adhesive cohes ive adhes ive cohesive




e

N N W ‘ v
\"u.l‘ﬁ"" ‘

RN )
o b e R, ~Hsbapat

e~

M s
«:L,_ ,,,_.,‘,;

1 e

-
Yo TR e

higher Diak No. 3 content. The use cf low molecular weight Viton LM (in 2211-

191) did not improve extrusion, Aging test resuitc a”e shown on the following

paye.
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Tape 2211-181 2211-181 2211-182 2211-182
First Primer PRC Primer #6 MIL-C-23377 PPC Primer #6 MIL-C-23377
Secor.d Primer 22311-43 2211-43 221143 2211-43
1 day @ 450°F adhes ive cohes ive cohes ive cohesive
6 days @ 45C°F  adhesive cohesive cohes ive cohes ive B!
8 days @ U50°F  adhesive adhesive cohesive cohesive .
1% days @ 450°F adhesive adhesive cohes jve cohes ive
19 days @ 450°F  adhesive adhesive adhes ive adhes ive a
The best results were obtained with the Diak No. 3 cured formulations 2211-182,
PRC Primer #6 and MIL-C-23377 epoxy-polyamide primer were equal in retention
of adhesion at 450°F, but the latter had better initial adhesion. The following
formulations were prepared and extruded:
#2211-190 2211~191 2211-192 2211-193
ECD-LB7 100 Y0 100.0 i00.0
Viton LM -- v - -
Maglite Y 15 .- - --
Maglite D - 15 15.0 15.0
Thermax 15 15 15.0 15.0
FS~1265 8 8 8.0 8.0
Yanstay 8050 ; 2 2 2.0 --
Diak No. | -- 2 -- -
Diak No. 3 . b -- 3.2 3.2
Durez 12686 -- -- -- 3.0
MFK 8 8 12.0 8.0
Extrusion properties good poor fair poor
N/M of extruded tapes, % 96.0% 96.2 gk4.0 96.17
Penetrometer, 1/10 mm 32 " 35 31
The plasticizing effect of the higher amine content is evident in the above k!
resuits. The formula with four parts Diak No. 3, 2211-190, had the best extru-
sion properties. Additional MEK (in 2211-192) was not as effective as the i




Tensile Strength{psi)/Elongation(%)

No. 2 content.

with Pasa-jell 107-prior to priming.

2211-190 2211-191 2211-192 2211-193
Cured 2i hrs. @ 158°F + .
P, 4 hrs. @ 250°F 180/1200  680/400 38071100 240/1050
; Cured 24 hrs. @ 158°F +
‘. 20 hrs. @ 350°F 670/820  926/300 640/920 900/700
i . Aged 7 days @ 550°F 660/300  870/30 500/230 540/250
; . Aged 14 days @ 550°F 13€0/20 Brittle 1000/50 1120/30
é Weight Loss
: Aged 7 days @ 550°F -28.9% ~39.6% ~22.7% -24.1%
Aged 14 days @ 550°F -47.5% -62.5% -4 .6% -2 6%
The formulation containing ten parts Viton LM, 2211-191, exhitited poor aging.
’ Best aging results were obtained with formulations containing the lower Diak

Adhes ion studies were conducted using a pretreatment of the titanium surface

Araldite P-13N
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1. PRC Primer #6 Chemlok 607 diluted 50% w/DHF

s 2211-186 primer 2211-186 primer 2211-186 primer

3 2211-190 2211-1492 2211-190 2211-192 2211-190 2211-192

Cured 24 hrs. @ 158°F +

{ 4 hrs. @ 250°F cohesive adhes ive cohes ive cohesive adhes jve adhes ive

1 Cured 24 hrs. ® 158°F +

2 I P 20 hrs. @ 350°F cohes ive cohes ive cohes ive cohes ive adhes ive adhes ive

; e | day @ L450°F cohesive cohes jve cohesive cohes ive cohes ive cohesive

‘:i i Y 2 days @ 450°F adhes ive adhes ive adhes ive cohesive cohes ive cohes ive

14 days @ W50°F ) -- -- -- cohesive cohes ive cohes i ve

; 21 days @ 450°F - -- - adhesive cohes ive cohes ive

= 28 days @ 4SO°F - -- - -- cohesive cohes ive
35 days @ 450°F -- -- - -- cohesive cohesive
63 days @ 450°F . = ~- - -- cohesive cohes ive
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The polyimide resin primer, Araldite P-13N, was superior in retention of adhe-
sion at 450°F. However, it requires a higher temperature to secure initial
adhesion, and gond initial adhesion was not obtained with this primer system

until the panels were exposed tc 450°F.

A small quantity of LD-48/-LV, a lower Mooney version of ECD-487, was obtained.

This wac evaluated in comparison with ECD-487 in a form;lation using 3.6 parts
Diak No. 3. This represents a compromise between the superior aging with 3.2

parts and the better extrusion properties with 4.0 parts Diak No. 3. In addi-
tion, formulations were prepared from each polymer with FS-1265 fluorosilicone

oil omitted.

2211-197 2211-198 2211-199 2211-200

ECD-487 -100.0 .- - 100.0
LO-487-Lv -- 100.0 100.0 -
Maglite Y 15.0 15.0 15.0 15.0
Thermax 15.0 15.0 15.0 15.0
FS-1265 8.0 8.0 - --
Vans tay 8050 2.0 2.0 2.0 2.0
Diak No. 3 . 3.6 3.6 3.6 3.6
MEK 10.0 8.0 10.0 12.0
Extrusion properties good 1j00d fair fair
NVM of extruded tape 95.0% 95.9% 9k, 8% 93.9%
Penetrometer, 1/10 mm 29 30 30 34

Tensile Strength(psi)/Elongation (%)

Cured 24 hrs. @ 158°F +

L hrs. @ 250°F 380/1100 34071000 4506/1100 420/1200
Cured 24 hrs. @ 158°F +

20 hrs. @ 350°F 710/860 600/840 680/1050 650/1100
Aged 7 days @ 550°F 550/370 690/270 680/230 430/250

Aged 14 days @ 550°F 1090/40 1600/20 °50/15 620/35

Pand
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Weight lLoss
2211-197 2211-198 2211-139 2211-200

Aged 7 days @ 550°F -20.6% -25.5% . 24 6% -22.8%
Aged 14 days @ 550°F -40.8% -43 .4, -45 Ly, -42..2%

Solids content of the LD-487-LV tape sealant was only slightly higher than
that prepared from ECD~W87, and there was no noticeable difference in appli-
cation properties. The heat resistance properties of the LD-487-LV were not
as good as those of ECD-487, as noted by the higher weight loss and lower
elongation of the former. The omission of fluorosilicone oil was harmful to

extrusion properties and made no appreciable difference in heat resistance.

Adhesion studies were conducted with and without the Pasa-Jell 107 treatment
of titanium, using Araldite P-13N diluted 50% with DMF and comparing secondary
primers with and without FS-1265 fluorosilicone oil. A portion of 2211-200
was thinned to brush consistency for use as a secondary primer. Test results
are shown below:

Araidite P~I13N

2211-186 Primer

No Pasa-Jell 107

2211-197 2211-198 2211-199 2211-200

‘Cured 24 hrs., @ 158°F +
4 hrs. @ 250°F + 20 hrs,

@ 350°F adhes ive adhes ive adhes ive adhesive
I day @ 450°F cohes ive cohes ive cohes ive cohes ive
6 days @ QSOZF cohes ive cohes ive adhes ive adhes ive
8 days @ 450°F adhes ive adhas ive - ==

Araldite P-13N

2211200 Primer

No Pasa-Jell 107
2211-197 2211-198 2211-199 2211-200

Cured 24 hrs. ® 158°F +
L hrs, @ 250°F + 20 hrs,
® 350°F adhes jve adhes ive adhes ive adhes ive
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2211-197 2211-198 2211-199 2211-200

1 day @ 450°F - cohesive cohes ive adhes ive cohes ive ;
2 days @ W50°F cohes ive cchesive 50% coh. cohes ive :
6 days @ US0°F cohes ive cohesive  -adhesive adhes ive '
8 days @ 450°F cohes ive adhes ive -~ -- ;
10 days @ 450°F Ls0% con. - -- -- S
30 days @ 450°F 43, coh. - - - }

Araldite P-13N
2211-186 Primer
Pasa=-Jeli 107 .

2211-197 2211-198 2211-199 2211-200

|

%

Cured 24 hrs. @ 158°F + ;
4 hrs. @ 250°F + 20 hrs. i
@ 350°r adhes ive adhes ive adhesive sdhecive !
' |

|

1 dey @ 450°F cohesive cohesive cohes ive cohesive
6 days @ 450°F cohesive cohes ive cohes ive cohesive
8 days @ L50°F cohes ive cohes ive cohesive adhes ive
10 days @ 450°F cohesive  cohesive  30% coh. --
21 days @ 450°F cohesive  cohesive  30% coh. --
23 days @ L50°F cohesive cohes ive adhesive -
30 days @ LSO°F cohes ive cohesive -- --

Araldite P-13N
2211-200 Primer
Pasa-Jell 107

2211=-197 2211-198 2211-199 2211-200

Cured 2L hrs. @ 158°F +
4 hrs. @ 250°F + 20 hrs.

@ 350°F adhes ive adhes ive adhes ive adhes ive
1 day @ L450°F cohes ive cohes ive cohes ive cohesive
6 days @ 450°F cohes ive cohes ive adhes ive adhes ive
8 days @ USO°F cohes ive cohes ive -- --
10 days @ 45C°F cohes ive 3%, coh. -- --
14 days @ 450°F cohes ive adhesive - - 3
17 days @ 450°F 50% coh. -- -- -
23 days @ 450°F 50% coh. -- -- -
27 days @ 450°F adhes ive -- -- --

Test results above confirm the improvement in adhesion with Pasa-Jell 107
treatment and ‘Araldite P-13N plus 2211-186 Primer. This secondary primer,
containing FS-1265 Fluorosilicone 0il, was superior to 2211-200 Primer which

contained no FS-1265.
242




2 . The tape sealants, 2211-197 and 2211-198, which contained FS-1265, also
E retained adhesion for a longer period at 450°F than 2211-199 and 2211-200,

which contained no FS-1265,

- w— wm e

! V. RAW MATERIALS
b Viton ECD-487 E. 1. DuPont de Nemours & Co.
1R Viton LD-487-Lv "
‘"f ' Viton LM "
Viton LD-011 ’ "
‘ i Viton VT-X-3518 "
}%% ; Yiton VT-X-3627 Latex ’ "
g { Viton VT-X-36278 Latex "
T%‘i Viton L-31 Latex "
' i Diak No. 1 "
Diak No. 3 "
ii Maglite D Merck & Co.
_ Maglite Y . Merck & Co.
ey The rmax , R. T. Vanderbilt Co.
?jg, FS-1265, fluorosilicone oil Dow Corning
i }g EDA-DIBK Ketimine (ethylene diamine Synthesized at Products Research &
5’ i diisobutyl ketone) Chemical Corporation
: %j MEK (methyl ethyl ketone) Shell Chemical Co.
;‘i , Mik (methy!l isobutyl ketone) " " i
,i Calcium hydroxide Baker Chemical Co.
:; . Calcium oxide " " "
'f: g Hydroquinone Van Waters & Rogers
'ég N,N-dimethy! dodecylamine Union Carbide
; Shell H-3 Shell Chemical Co.
: 1

Dimethyl acetamide Van Waters & Rogers
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Polycyanos i loxane

OMYA-BLH

Witco 900

Witco 975

Tamol 731

Tabular alumina, 325 mesh
M-Pyrol (N-methyl, 2-pyrolidone)

Foammaster S

vanstay 4030
Vanstay 8050
Durez 12686

Nopchelate 0S

Santovar A
Mark X
Dyphos
Epon 1001

Tris-betachloroethyl phosphine

Catalin CAQ0-6

Stabilite White

HMDA (hexamethylene diamine)
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Products Research & Chemical
Corporation

Pleuss-Stauffer

Witco Cheéical
" 1

Rohm and Haas

Alcoa

GAF Corp.

Nopco Chemical Division,

.Diamond Shamrock

R. T. Vanderbilt Co.
" "
Hooker Chemical Corp.

Nopco Chemical Division,
Diamond Shamrock

Monsanto Chemical Co.
Argus Cnemical Co.
National Lead Co.

Shell Chemical Co.
Monsanto Chemical Co.
Catalin Corp. of America
R. T. Vanderbilt Co.

E. 1. DuPont de Nemnurs & Co.
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